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CHAPTER I
SCOPE

1.1 DCS Engineering-Instaliation Standards

LL11 Definition. Engineering-Installation Standards as they apply to
the Defense Communications System (DCS) are those standards which provide
quantitative and qualitative values and measures for obtaining umiformity
of controls governing engineering and installation of oquipment, facilities, and
systems, Equipment, facilities, and systems must meet these standards upon
completion of engineering and installation, and prior to accsptance for opera-
tional use.

1.1.2 Ezamples. Included in the category of DCS Engineering- Installa-
tion Standards sre: Standards for system engineering such as signal level,
impedances, modulation rate, frequency and time tolerances, distortion toler-
ances, and measurement techniques; standards for field engineering such as
antenne design and orientation, and tranamission line design; and standards
for installation engineering such as equipment arrangements and layout,
uniform construction requirements, and site preparation.

1.1.8 Need for DCS Engineering-Installation Standards. Interoperability
rnd uniform high quality performance of all DCS components requires that
they be engineered to high universal standards. New requirements may
be placed upon segments of DCS facilities formerly used by a single military
service and not originally designed nor engineered for operation with other
systems. These components of the DCS must be reengineered, where neces-
sary, to meet these standards so that interoperability and uniferm capability
will be assured. Engineering of future DCS facilities must conform with these
standards for the same reason.

1.1.4 Application and Use of Standards. These standards are to used
when preparing specifications for new components of the DCS or when modify-
ing existing systems. They should be cited and/or quoted when appropriate.
They will be the basis upon which DCA will review detailed engineering plans
of proposed DCS facilities. All DCS facilities will be inspected periodically
for adherence to these standards.

1.1.5 Relction of DCS Engineering-Installation Standards to Other D(S
Standards. The DCA will prescribe the utilization of standards in three
areas; development, engineering, and operations. Standards are—

(a) Design MIL-STD-188(), published by OSD.

(b) Engineering  DCS Engineering-Installation Standards published by

DCA (this circular).
(c) Operations  DCS Operating Standards published by DCA (DCA
Circular 55-1).
All DCS standards follow the same general outline. The paragraph headings
are the same down to the first decimal place of the numbering system. This
is for the purpise of cross-referencing between standards when appropriate.
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Dengn lundn.rdl (MIL-STD-188) and DCS Operating Standards, and
Installetion Standards are published as separate dbcuments.

1.1.8  Technological Level >f Standards. The standards contained in this
document, are set no higher than the current technological capability of indus-
try. No attempt is made to anticipate future technical advances. Such
‘advances will be made s standard after they are accomplished and proven facts.
Keeping DCS Engineering-Installation Standards up to the level of achievable
techunology will require continued revision of the standards; this will be accom-

plished as required.
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- CHAPTER II
TERMS AND DEFINITIONS

ADDRESS. The destination of the message in & communicstion system or the
storage location of information in a dute processing system.

ALPHABET. See Digital Alphabet or Code Set.

ALPHABET TRANSLATION. That process whereby the meaning in a
particular bit structure in s particular code is conveyed to one or move dif-
fereni, alphabets in the same or different code.

ALPHANUMERIC. Alphabetic and numeric; including letters, numbers,
and sym.. sls.

AMPLITUDE MODULATION. See Modulation, Amplitude.

ANALOG SIGNAL. A nominally continwous electrical signal that varies in
some direct correlation to s signal impressed on a transducer. The electrical
signal may vary iis frequency or amplitude; for instance, in response to
changes in phenomena or characteristics such as sound, light, heat, position
OF pressure.

ASSIGNED FREQUENCY. See Frequency.

ATTENUATION. The action by which, or the result in which, the power of
an electrical signsl is decressed; expressed in db.

ATTENUATION, ECHO. See Echo Attenuation.
BALANCED. Electrically symmetrical with respect to ground.

BANDWIDTH, OCCUPIED (for a transmitter).

(8) The difference between the highest and the lowest emission frequencies,
in the region of the carrier or principal carrier frequency, beyond which the
amplitude of any frequency resulting from modulation by signal and/or aub-
carrier frequencies and their distortion products is less than 5 percent (—26
db) of the rated peak output amplitude of-—

(1) The carrier or a single-tone sideband, whichever i greater, for
single-channel emission; or

(2) ALy subearrier or a single-tone sideband thereof, whichever is
greater, for m ltiplex emission.

(b) Bandwidt}i, Necessary. For a given class of emission, the minimum
velue of the occupied bandwidth sufficient ‘o inrure the transmission of in-
formation at the rate and with the quality required for the system employed,
under specified conditions. Emissions useful for the good functioning of the
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receiving equipment as, for example, the emiseion corresponding to the carrier
systeass, shall be included in the necessary bandwidth. (This is used for
frequency sasignment purposes.)

BANDWIDTH, NOMINAL. The maximum band of frequencies, inclusive

of guard bands, assigned to & channel. (Net to be confused with the term
radio frequency emission.)

BASEBAND. In the process of modulation, the frequency band ocoupied by
: the aggregate of the transinitted signals when first used to modulate a carrier.
The term is commonly spplied to cases where the ratio of the upper to the

lower limit of the frequency band is large compared to unity.

(») BASEBAND, MULTIPLEX. The frequency band occupied by the
sggregate of the transmittod signals applied to the facility interconnecting
the multiplexing s«ad radio or line equipments. The multiplex baseband is
aleo defined as the frequency band occupied by the aggregate of the received
signals obtaired from the facility interconnecting the radio or line and multi-
plexing equipment.

(») BASEBAND, RADIO. The frequency band available for the trans-
mwission of all the combined telephone channels and/or other communication
channels.

{¢) MULTIPLEX BASEBAND SEND TERMINALS. The point in
the baseband circuit nearest the multiplex equipment from which connection

_is normally made to the radio baseband send terminals or intermediate
facility.

(d) MULTIPLEX BASEBAND RECEIVE TERMINALS. The point
in the baseband circuit nearest the multiplex equipment from whick connec-
tion is nermally made to the radio baseband receive terminals or intermediate
facilisy. .

(&) RADIO BASEBAND SEND TERMINALS. Tho point in the base-
band circuit nearest the radio transmitter from which connection is normally
made to the multiplex baseband send terminal or intermediate facility.

() RADIO BASEBAND RECEIVE TERMINALS. The point in the
baseband circuit nearest the radio receiver from which connection is nor-
mally made to the multiplex baseband receive terminals or intermediate
facility.

BAUD. The unit c{ modulation rate. One band corresponds to a rate of one
unit interval per second. The modulation rate is exprossed as the reciprocal
of the duration in seconds of the unit interval. Exanple: 17 the duration of
the unit interval is 20 milliseconds, the modulatior rate is 50 bauds.

" BIAS DISTORTION. See Distortion, Bias.

BINARY CODE. A code composed of a combination of entities, each of which
can assume one of two possible states.

BINARY DIGIT. An information state in binary notation (e.g., 0 to 1),

2-2
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BINARY NOTATION. A scheme for representing numbers characterified
by the arrangements of digits in sequence with the understanding that sue-
cessive digits are interpreted as coefficients of successive powers of the bease
two.

BINARY NUMBER. A number expressed in binary m

BIT. A contraction of the term binary digit. Thn are several typu of

bita:

(s) Check Bit. A bit associated with a character or block for the pur-
pose of checking the absence of error within the character or block.

(b) Erroneous Bit. A bit which is not in wccordance with that which
should have been received.

(c) Information Bits. Those bits which are generated by the data source
and which are not used by the data transmission system.

(d) Overhead Bits. All bits other than infcrmation bits.

(e) Service Bits. Those overhead bits wi.ch are not check bits (is.,
reqt st for repet.tion, numbering sequence, etc.)

BLOCK. A group of bits, or n-ury digits tranamitted &8 & unit over which an
encoding procedure is generally applied for error-control purposss.

BREAK. To break, in a communication cirruit, ia for the chving to
interrupt the sending user and take control of the circuit; used es in
connection with half-duplex telegraph circuits and two-way telephone dr-
cuits eqaipped with veice-operated devices.

BROADBAND SYSTEM. See Wideband System.
BROADCAST. See Operation.

BUFFER, DATA. A storage device used to compensate for a difference in
rate of flow of informatiox: or time of occurrence of events.

CARRIER.

(a) A wave suitable for modulation by the iutelligence to be transmitted
over a communication system. The carrier can be a sinusoidal wave or a
recurring series of pulses. See also Subcarrier.

{b) An unmodulated emission.

CARRIER FREQUENCY. See Frequency.

CARRIER NOISE LEVEL. 'The noise level produced by undesired variations
of & carrier in the absence of any intended modulation.

CARRIER POWER. Ser Transmitter Power Qutput Rating.
CENTRAL OFFICE  See Switching Center.
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CHANNEL. A meams of one-way transmission. Several channels may share
- common path as in cafrier syatems; in this case each channel is allocated a
partilar frequency band which is reserved 1o it.

CHARACTER AND BIT COUNT INTEGRITY. That condition in which

the precise number of characters or bits that are originated in & message toxt
Ontbmdwmmmﬁon)orwnmtnm(mthemofs
" useR to Ul sonnsctien) are preserved.

CHARACTER INTERVAL. Ths total number of unit intervale (including
synchronising, intelligence, mduckinc or control bits) required to trans-
mit sny given character it ady given communications system. Extra bits
whioh are not associated with mdmdunl chsncun are not included.

CHECK BIT. S Bit.

CIRCUIT. A means of bothway communication between two points, com-
prising sssociated “go’* and ‘‘return’ channels.

CIRCUIT SWITCHING. Ses Switching Circuit.
CIOCK. A relevence source of timing information for a machine or system.

CLOSED-CHRCUIT WORKING. A method of single-current operation in
which & carrent flows in the circuit while the transmitting device is at rest.

CODE (telegraph or data). A system of rules and conventions according to
which the telegraph signals forming a message or the data signal forming
» block should be formed, transmitted, received and processed.

CODE CHARACTER. The representation of ¢ discrete value or symbol in
sccordance with a code. See Digital Alphabet or Code Set.

CODE CONVERSION. The process by which a code of some predetermined
bit structure (for example, §, 7, 14 bits per character interval) is converted
to a second code with more or less hits per character interval. No alpha-
betical significance is assumed in this process. In certain cases such as the
conversion from start/stop telegraph equipment to synchronous equipment
a code conversion precess may only consist of discarding the stop and start
bits, adding a sixth bit to indicate ihe stop and start condition. In other
cases, it may consist of addition or deletion of control and/or parity bita.

CODE ELEMENT. One of a finite set of parts of which the characters in
& given code may be composed.

CONFERENCE. See Cperation.

CROSSTALK. The phenomenon in which a signal transmitted on one circuit
or channel of a transmission system is detectable in a.other circuit or channei.

2-4
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CROSSTALK COQUPLING (between a disturbing cnd a disturbed circuit).
The ratio of the power in the disturbing eircuit to the induoed power in the
disturbed circuit observed at definite points of the circuits under specified
terminal conditions; expressed in db.

DATA (analog or digital). Masterial tronsmitted or ‘\'oeased to provide
information, or to control a process.
DATA SINK. The equipment which scospts date signale afser transmission.

DATA SOURCE. The equipment which mﬁﬂiu data m te be
transmitted.

DATA TERMINAL. Equipment employed &t the end of s . tranamision
circuit for the transmission and reception of data. It may mcludo ond
instruments or signal converters or both. :

dba. See Noise.
dbaO. See Noise.

dbm. db referred to one milliwstt; employed in communication work as a
measure of absolute power values. Zero dhm equels one milliwatt. See
Noise.

dbm, PSOPHOMETRICALLY WEIGHTED. Ses Noiss.
dbmo. See Noise.

dbmOp. See Noise.

dbr. See Noise.

dbm. See Noise.

DEMODULATION. A process whersin a wave resulting from previous mod-
ulation is employed to derive a wave having substantially the characteristics
of the original modulating wave. Sce Restitution.

DESIGN OBJECTIVES. Electrical performance characteristics for commu-
nication circuits which are based on reasonable engineering estimates of the
performance required but which have not been confirmed by aciual meas-
urement of operating circuits. A design objective is in reality a projected
standard to serve until such time as a system standard can be established
by actual measurement under operating conditions of the developed circuit.
See alzo System Standards.

DIGITAL ALPHABET OK CODE SET. A table of correspondence between
characters and functions and the bit structures which represent tham.
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DIGITAL SIGNAL. A nominally discontinuous electrical signal that changes
from one s*ate to another in discrete steps. The electrical signal could
change its amplitude or polarity, for iustance, in response to vutputs from
computers, teletypewriters, etc. Analog signals inay be converted to a digital
form by quantizing.

DISTORTION, AMPLITUDE VS. FREQUENCY (of & tranamission system).
The distortion caused by the nonuniform attenuation, or gain, of the system,
with reapeet to frequency, under specified terminal conditions.

DISTORTION, BIAS. Distortion affecting a two-condition (or binary)
modulation in which all the significant intervals corresponding to one of the
two significant conditions have uniformly longer or shorter duration than the
corresponding theoretical durations.

DISTOKRTION, CHARACTERISTIC. Distortion caused by transients which,
as & result of modulation, arr present in the transmission channel and
depend on ita transmission qualities.

DISTORTION CYCLIC (of telegraph signals). Distortion which is neither
characteristic, biss, nor fortuitous and which, in gencral, has a periodic
character. Its causes are, for example, irregularities in the duration of con-
tact time of the brushes of a transmitter distributor, or interfcrence by
disturbing alternating currents, etc.

DISTORTION, DEGREE OF.

(s) Distortion, Degree of Start-Stop. Ratio to the unit interval of the
maximum measured difference, irrespective of sign, between the actual and
theoretical intervals separating any significant instant of modulation (or of
restitution) from the significant instant of the start element immediately
preceding it. The degree of distortion of a start-stop modulation (or resti-
tution) is usually expressed as a percentage.

(b) Degree of Individual Distortion of a Particular Significant Instant
(of a Modulation or of a " »stitution). Ratio to the unit interval of the dis-
placement, expressed algebraically, of this significant instant from an ideal
instant. This displacement is considered positive whan a significant instant
occurs after the ideal inatant. The degree of individual distortion is usually
expressed as a percentage.

{(c) Degree of Isochronous Distortion. Ratio to the unit interval of the
maximum measured difference, irrespective of sign, between the acturl and
the theoretical intervals separuting uny two significant instants of modula-
tion (or of restitution), these instants being not necessarily consecutive.
The degree of distortion (of an snchronous modulation or restitution) is
usually expressed as a percentage.

Note. The result of the measirement should he completed by an iwlieation of the
period, usually limited, of the obrervation  For a prolouged modulation (or restitution)
it will be appropriate to consider the probability that wn assigned value of the degree of
distortion will be execeded.

2-6
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DISTORTION DELAY (of & transmission system). Tha: distortion caused
by the difference between the maximum transit time and the minimum

transit time of frequencies within & specified band. (Also called Time
Delay Distortion and Phase Distortion.)

DISTORTION, END (of start-stop teletypewriter signals). The shifting of
the end of all marking pulses from their proper position in relation to the

beginning of the start pulse.

DISTORTION, FORTUITOUS (of telegraph signals). Distortion resulting
from causes generally subject to random laws, for example, accidental
irregularities in the operating of the apparatus and meving paris, dutnrbm
affecting the transmission channel, etc.

DISTORTION, INTERMODULATION. Nonlinear distortion character-
ized by the appearance of frequencies in the output, equal to the sums and
differences of integral multiples of the component frequencies present in the
input.

Nots. Harmonic components also present fu the ontput are usually not included as
part of the intermodulation distortion. When harmonios ars included, a statement to
that effect should be made.

DISTORTION, NONLINEAR. Distortion caused by a deviation ifrom
a linear relationship between the input and output of s system or component.

DISTORTION, PHASE-COEFFICIENT. The difference between the maxi-
mum transit time and the minimum transit time for frequencies within a
specified band. (See Distortion, Delay.)

DISTORTION, SINGLE-BEARMONI(!. The ratio of the power at the
fundamental frequency, measured at the output of the transmission system
oonsidered, to the power of any single harmonic observed at the output of
the system because of its nonlinearity, when a single frequency signal of
specified power is applied to the input of the system; expressed in db.

DISTURTION, TELETYPEWRITER SIGNAL (of start-stop teletypewriter
signals). The shifting of the transition points of the signal pulses from
their proper positions relative to the beginning of the start pulse. The
magnitude of the distortion is expressed in percent of a perfect unit pulse
length.

DISTORTION, TOTAL:. HARMONIC. The ratio of the power at the
fundamental frequency, measured at the output of the transmission systein
considered, to the power of all harmonics observed at the output of tue
system because of its nonlinearity, when a single frequency signal of specified
power is applied to the input of the system; expressed in db.

2-7
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DIVERSITY. That method of trunsmission and/or reception, whereby,
in order to reduce the effects of fading, a single received information signal
is derived from a combination of, or selection from, a plurality of signals
containing the same information. Improvement gained shall be expressed
in db.

DIVERSITY, DUAL. The term applied to the simultaneous combining
of two signals and their detection through the use of space, frequency, o:
polarization characteristics.

DIVERSITY, FREQUENCY. Any method of transmission and reception

wherein the same information. signal is transmitted and received simul-
taneously on two or more distinct frequencies.

DIVERSITY, POLARIZATION. A method of transmission and/or reception
of information accomplished by the use of separate vertically and horizontally
polarized antennas.

DIVERSITY, QUADRUPLE. The term applied to the simultaneous com-
bining of four signals and their detection through the use of space, frequency,
or polarisation characteristics or combinations thereof.

CIVERSITY, SPACE. Any method of transmission und/or reception which
employs antennas having spatial separation.

DOPPLER EFFECT. The phenomenon evidenced by the change in the
observed frequency of a wave in a transmission system caused by a time
rate of change in the effective length of the path of travel be.ween the source
and the point of observation.

DOUBLE SIDEBAND TRANSMISSION. See Transmission, Double
8ideband.

DUPLEX OPERATION. See Operation.

ECHO. The effect of a wave which, having been derived (for example by
reflection) from a primary wave, arrives at cither end of the same circuit
with sufficient magnitude and delay_to be distinetly recognized.

ECHO ATTENUATION. Iu a four-wire (or two-wire) circuit in which the
two directions of transinission cun be separnted from each other, the attenua-
tion, £2,, of the echo currents (which return to the input of the eircuit under
consideration) is determined by the ratio of the transmitted power, P,
to the echo power received, ',; expressed in db.

EFFECTIVE RADIATED POWER. Si¢ Trunsmitter Power Qutput
Rating.

2-8
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EFFICIENCY FACTOR, IN TIME (of a telegraph communication). The
efficiency factor of a communication is the ratio of the time taken to trans-
mit a text, sutomatically and at a specified modulation rate, to the time
actually taken to receive the same text with a specified error rate.

Nutes. () The whole of the apparatus comprising the communieation is assumed to
be in the normal eovditions of adjustment and operation.

(b) A telegraph communication may have a different efficiency factor in time for the
two directions of tranamission.

(¢) The practical conditions of measur:ment should be speeified, in particular the
duration.

EHF (EXTREMELY HIGH FREQUENCY). Sz Frequency Spectrum
Designation.

ELECTRICALLY POWERED TELEPHONE. See Telephone Types.

ELF (EXTREMELY LOW FREQUENCY). Sec Frequency Spectrum
Designation.

END DISTORTION. See Distortion, End.

END INSTRUMENT. A device which is connected to tl;e terminal of a
circuit and used to convert usable intelligence into electrical signals or
vice-versa.

EQUALIZATION. The_process of reducing frequency and/or phase distor-
tion of & circuit by the introduction of networks to compensate for the
difference in attenuation and/or time delay at the various frequencies in the
transmission band.

ERRONEOUS BIT. See Bit.

ERRONEOUS BLGCK. A block in which there are one or more erroneous
bits.

ERROR BURST. A group of bits in which two successive erroneous bita,
are always separated by less than a giver number (X) of correct bits.

Noete. The last erroneous bit in a hurst and the fimt erroncous bit in the following
burst are accordingly separated by X correet bits or more. The number X should be
rpecified when describing an error burst

ERROR-CORRECTING CCODE. A code in which each telegraph or data
signal conforms to specifie rules of construction so that departures from this
construction in the ree ived signals can be automatically detected, and
permits the antomatic correction, at the receiving terminal, of some or all
of the errors.  Such codes require more signal elements than are necessary
to convey the basic information.

2-9
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ERROR-CORRECTING SYSTEM. A system employing an error-correcting
code and so arranged that some or ull signals detected as being in error are
automatically corrected at the receiving terminal before delivery to the
data sink or to the telegraph receiver.

ERROR-DETECTING CODE. A code in which each telegraph or data
signal conforms to specific rules of ronstruction, so that departures from
this construrtion in the received sig .als can be automatically detected
Such codes require more signal elements than are necessary to convey the
fundamental information.

ERROR-DETECTING SYSTEM. A system employing an error-detecting
code and so arranged that any signal detected as being in error is—
{a) Either deleted [rom the dnata delivered to the data sink, in some cases
with an indication that such deletion has taken place,
{b) Or delivered to the data sink together with an indication that it has
been detected as being in error.

ERROR-DETECTING AND FEEDBACK SYSTEM (decision feedback
system, requesi repeat system, ARQ system). A system employing an
error-detecting code and so arranged that a signal detected as being in error
automatically initiates a request for retransnussion of the signal detected
as being in error.

ERROR; SINGLE, DOUBLE, TRIPLE, ... ETC. Agroupof1,2,3,...,
etc., consecuiive erroneous hits, preceded and followed immediately by at
least one correet bit,

ERROR RATE (bit, block, character, element). A ratio of the number of
bits, elements, characters or blocks incorrectly received to the total number
of hits, elements, characters or blocks sent.

ERROR-RATE, RESIDUAL (undetected error rr* The ratio of the
nmunber of bits, elements, characters, blocks incc- 1y recetved but un-
detected or uncorrected by the error-control equipment, to the total number
of bits, unit elements, characters, blocks sent.

EXALTED CARRIER RECEPTION. A method of receiving either ampli-
tude or phnse moduluted signals in wlich the earrier is separated from the
sidebands, tiltered and amplified, and then combined with the sidebands
agnin at a higher level prior to demodulation.

FACSIMILE. A line sennning sysiem of teleconmuunieation for the .rans-
mission ot fixed images, with or withent halftones, with a view to their
rer roduction in a perinunent form. (Wir photo and telcphoto are facsmale
through wire circuits; radio photo is facsnuile vin radio.)  Seo Graphies.

FADING. The fluctuation in intensity of any or all frequency comporents
of o received radio signal due to chunges in the charnetensties of the propngn-
tion b
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F DING, FLAT. The type of fading in which all frequency components of
he received radio signal fluctuate in the same proportion simultancousiy.

FADING, SELECTIVE. Thst type of fading in which the various frequency
components of the received radio signal fluctuate independently.

FAULT. A malfunction that is reproducible, as contrasted to an error,
which, is defined as a malfunction which is not reproducible. A malfunc-
tion is considered reproducible if it occurs consistently under the same
circumstances.

FORMAT. Arrangement of bits or characters within a group, such as a
word, meseage, or language; shape, size, and general makeup of a document.

FORTUITOUS DISTORTION. See Distortion, Fortuitous.

FREQUENCY.

(a) Assigned Frequency. The frequency of the center of the radiated
bandwidth shall be designated the “assigned frequency.” (The frequency
of the RF carrier, whether suppressed or radiated, shall be referred to in
parentheses following the assigned frequency and shall be the frequency
appearing on the dial settings of RF equipments intended for a single side-
band or independent sideband.)

(b) Carrier Frequency. The frequency of the unmodulated carrier.

(c) Characteristic Frequency. A frequency which can be easily identi-
fied and measured in a given emission.

{d) Refererce Frequency. A frequency having a fixed and specified
position with rcspect to the assigned frequency. ‘This displacement of this
frequency with respect to the assigned frequency has the same absolute
value and sign that the displacement of the characteristic {requency has
with respect to the center of the frequency band occupied iy the emission.

(e) Frequency Tolerance. The maximum permissibie departure by the
tie center frequency of the frequency band occupied by an emission from the
assigned frequency or by the characteriatic frequency of an emission fron
the reference frequency. The frequeney tolerance is expressed in parts in 10¢
or in cycles per second.

FREQUENCY-C'HANGE SIGNALING. A signaling method in which one
or wore particunlar frequencies correspond to each desired signaling condi-
tion of n code. The transition from one set of frequencies to the other may
be either a continuous or a discontinuous change in frequencsy or in phase

(n} Freoueney-Exchange Signaling Two-Souree Frequeney Keying, A
frequency-change signaling method in which the change from one signalin:
condition to another 18 necompanied by decay in ampiltude of one or more
frequencies and by buildup in minplitude of one or more other frequencies.

(b) Frequeney Shift Keying, Frequeney Shift Signaling  (FSK). A
frequency-change signaling method in which the frequency or frequencies
are varied in aecordunee with the signals to he trunsmitted amd eharaeterized
by continity of phase during the transition from ove signaling condition
to unother
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FREQUENCY DIVERSITY. Se¢ Diversity, Frequency.
FREQUENCY MODULATION. Ses Modulatior, Frequency.
FREQUENCY SPECTRUM DESIGNATION.

, [ me e (kme) I;Uu
ELF (extremely low frequency). below 0.2 | ... ... e .
ILF (infrs low frequency) . ..... 0.3-3 | e b -
VLF (very low frequency)...... 3-30 ] e ciiiee | aaa 4
LF (low frequency)... ... -..... 30-300 .03-0.3 | ..... 5
MF (medium frequency)....... 300-3, 000 033 | ..... 0
HF (high frequeney) .......... 3, 000--30, 000 3-30 | ..... 7
VHF (very high frequency).....| .cnecn.... 30-300 .03-0.3 8
UHF (ultra high frequency). ... .cenennn.e 300-3, 000 0.3-3 9
BHF (super high frequeney)....| ..co_von.. 3, 000-30, 000 3-30 10
EHF (extremely high frequency).| .......... 30, 000-300, 000 | 30-300 | 11

Nats: Oigacycies (ge) and kilomegacycies (kmo) are synonymous.
FREQUENCY TOLERANCE. See¢ Frequency.

FULL DUPLEX. See Operation.

GAIN (TRANSMISSION GAIN). The action by which, or the result in
which, the power of an electrical signal is increased ; expressed in db.

GRAPHICS. A method of transmitting visual intelligence via electromagnetic
means that is received at the far end in a permanent form. (The term
graphics is a broader term than facsimile. Facsimile, however, is & form
of graphics.)

GROUP. See Wideband System,

GUARD BAND. A frequency band between two channels which gives a
muargin of safety against mutupl interference.

HALF DUPLEX. 8¢ Operation.
HF (HIGH FREQUENCY). See Frequency Spectrum Designation.

HIGH PERFORMANCE EQUIPMENTS. Those equipments having suf-
ficiently exacting characteriatics to permit their use in trunk or link circuits,
(Note- Requirements for global and tactical high performance equipments
may differ.)

ILF (JNFRA LOYW FREQUENCY  Ser Frequency Spectrumn Designation.
IMPEDANCE, TERMINAL.  See Terminal Impedance.

INDEPENDENT SIDEBAND TRANSMISSION. Noo Transnnssion, In-
dependent Sidebynd
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INDEX OF COOPERATION—DIAMETRAL OR INTERNATIONAL
(FACSIMILE). The product of the deum diameter and the line advance
in scanning lines per unit Jength. The unit length must be the same as
that used for expressing the drum diameter.

INFORMATION BITS. 8ee Bit.

INFORMATICN TRANSFER (User). The final result of a data trans-
masion from s date source to a data sink. The information transler rate
may or may not be equal to the transmission modulation rate.

INPUT-OUTPUT DEVICE. Any equipment which introduces data into
or extracts data from s data communications system.

INSERTION GAIN. The insertion gain of a transmission system (or com-
ponent thereof) inserted between two impedarces Z, (transmitter) and Z,
(receiver) is the ratio of the power measured at the receiver Z, after insertion,
of the transmission system considered, to the power measured before in-
sertion; expressed in db. If the resulting number in db ‘hus obtained is
negsative, an insertion loss is indicated.

INSERTION LOSS. The insertion loss of a transmission system (or com-
ponent thereof) inserted betwsen two impedances Z, (transmitter) and 2,
(receiver) is the ratio of the power measured at the receiver Z,, before in-
sertion of the transmission system considered, to the power measuted after
insertion; expressed in db. If the resulting number in db thus obtained js
negative, an insertion gain ia indicated.

INTERFACE. A concept involving the specification of the interconnection
between two equipments or systems. The specificstion includes the type,
quantity and function of the interconnection circuits and the type and formn
of signals to be interchanged via those circuits.

INTERNAL BIAS (TELETYPEWRITER). That biss, either marking or
spacing, that may occyu~ within a start-stop teletypewriter receiving mechan-
ism and which will have the same effect on the margins of operation as
bias external to the receiver.

ISOCHRONOUS MODULATION. See Modulation, Isochronous.
LF (LOW FREQUENCY). See Frequency Spectrumn Designatiou.

LIMITER. A device which reduces the power of an slectrical signal when it
exceeds a sprcified value. The sinount of reduction or cowpression iu-
creases with increase of the input power.

LINE SIDE. That portion of a device which looks toward the transn ission
path (line cireuit, loop, trunk).
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iLINK.
(s) A portion of A communieation circuit.

(b) A channel o circuil designed to be connected in tandem with other
cl.annels or circuits.

(c) A radio path between two points, called a radio link; the resultant
circuit may be unidirectional, half duplex, or duplex.

Netc. Theterm ‘‘link" should be defined or qualified when used. 1t s generally accepted
that the signals at eash end of & ink are in the seme form.

LOCAL LINE. See Loop.

LOCAL SIDE. That portion of a device which looks toward the internal
station {acilities.

LOOP. A loop is a single message circuit from a switching center and/or indi-
vidual message distribution point to the terminals of an end instrument.
(a) Line Loop. The portion of a radio or wire circuit that connects a
user's end inetrument and a central office. (Synonymou: terns &:¢ “local
line” and “user’s line.””)

LOW PERFORMANCE EQUIPMENTS. Those equipme-its having insuffi-
ciently exacting characteristics to permit their use in truak of link circuits.
Such equipments may be emnloyed in loop circuits whenever they meet loop
circuit requirements.

MARKING PULSE. See Pulse, Marking.
MASTER GROUP. See Wideband System.

MESSAGE. A communication from a source to one or more destinations in a
suitable language.

MESSAGE SWITCHING. See Switching, Message.
MF (MEDIUM FREQUENCY). See Freqguency Spectrum Designation.
MODEM. Acro.ym for modulutor-demodulator.

MODULATION. The process of varving some characteristics of the carrier
wave in acrordance with the instantaneous value, or sninples, of the iutelli-
gence to be transmitted  See also Carrier.

MODULATION, AMPLITUDE (AM). The form of modulation in which the
amplitude of the carrier is varied in accordance with the instantaneous value
of the modulating signal.

MODULATION, DIFFERENTIAL. A type of modulation m which the
choice of the sy alieant condition for anv signal element 1a dependent on the
choiee Tor the previons signal eletient.  Delta moadulntion s an example
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MODUUATION, FREQUENCY (FM). The form of modulatien in which the
instantaneous frequency of a sine wave carrier is caused to depart from tne
carrier frequency by an amount proportional! Lo the instantansous value of
the modulating signal.

MODULATION, iSOCERONOUS. Modulstion (or dundulm) in whwh
the time mw-vd separating any two significant insteants is theoretically
eaual to ths unit nterval or to a multiple of this.

MODULATION, PHASE (PM). The form of modulation in which the angle
relative to the unmodulawed carrier angle is varied, in accordsmce with the
instantaneous value of the amplitude of the modulating signal.

MODULATION, PULSE AMPLITUDE (PAM) The {orm of modulation
in which the .mphtude of the pulse carrier is n.ned m leeondmee with
successive samples of the mojulating signal.

MODULATION, PULSE CODE (PCM). The lonn of modulation in which
the modulating signal is sampled, and the sample quantised and coded so
that each element of information comu of different kinds and/or number
of pulses and spaces.

MODULATION, PULSE FREQUENCY (PFM). The form of inodulation
in which the pulse repetition frequency of the carrier is varied in accordance
with successive samples of the modulating signal.

MODULATION, PULSE TIME (PTM). The form of modulstion in which
the time of occurrence of some characteristics of the pulse carrier is varied
in accordance with successive samples of the modulating signal. (This
includes pulse position and pulse duration or pulse width modulation.)

MODULATION RATE. Reciproeal of the umit interval messured in seconda.
(This rate is expressed in bauds.)

MODULATION WITH A FIXED REFERENCE. A type of modulation in
which the choice of the significant condition for any signal element is based
on a fixed reference.

NECESSARY BANDWIDTH. S+ Bandwidth, Occupied.

NODE. .Uso callrd Junction Point, Branch Point, or Vertex. A terminal
of any branch of n network or u terminal common to two or more brunches
of u network.

NOISE, INTERMODULATION (Radio System). In a transmission path
or device, that noise which is contingent upon modulation and results from
uny nonlinenr churacteristic in the path or device.
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of 144-line, 144-receiver, or C-memnge weighting, or flat weighting, shall
be indicated in parentheses as required. See Noise Weighting.

Notes. (1) With C-message weighting, a | milliwats, 1,000 eps tone will read + 90
dben, but the same power as white nolss, randomly distributed ever s 3-ke band (nominally
200 ta 3,300 cpe) will read approximately +88.5 dbin (rounded off to 49, dben), due to

the frequency weighting.
(2) With 144 weightings, .lmimwnc,looommvmmnd4wmbucm
same 3-ke white nolee power will read only + 83 dben, m»wmmymp

ing.

(1) dbm (144-line). Weighted circuit noise power in dben,’ M on
aline by a noise mensuring set with 144-line weighting.  Ser Noise Weighting.

(m) dbrn (144-receiver). Weighted circuit noies power'in dbek:, messured
acrcss the receiver of a sibeet with No. 144-receiver, by » ndisd ‘insasuring
sat with 144-receiver weighting. See Noise quhtmg e

(n) dbrn (C-message). Weghud circuit noise power in dbra, ‘measured
on a line by a noise mensuring set with C-message welghting. See Noise
Weighting.

(o) dbrn (f,—£,). Flat noise power in dbm, mdnnured over the frequenty
band between frequencies f, and f;. See Noise Weighting (Flat Weighting).

@ PSOPHOMETRIC VOLTAGE, or ¢ metric pd.” Clrcuit
noise voltage measured on s live with & Prophometer which mduhn CCIF-
1951 weighting network. Ses Noise Weighting.

Notes. (1) Do not eonfuse with “psophometric emf,” mma-mhcu-
generator (or line) with 600 ohmis internal resistance, and hapn. lumm

numerically double the corresponding psophoraetric
(2) Psophometrie voltage readings are commonly uolvotud to dbas W) » tb

mtbnd&ﬂ (pooph =20 leg,ww—57.78 (V in psophometric millivolts)),

(@) pw. Picowatt, equal to 10~ watt, or —90 dbm. A uzitof .m
power commonly used for both welghted and wniweighted néise. ‘Context
must be oheerved.

Nets, Conversion relations: 10 leg,epw=dbm —90.

(r) pwp. pw, psophometrically weighted. Ses pw, and Nolee Weightihg.

NOISE WEIGHTING. In menasurement of circuit noise, & specific amplitude-
frequency characteristic of & noise measuring set, designed to give numerical
readings which approximate the amount of transm' jion impairment due to
the noise, to an average listener using a particular class of telephone subset.

Note. The noise weightings generally used were established by agencies conce-ned
with public telcphone service, and are hased on characteristics of specific commercial
telephone subsets, representing ruccessive stages of technological development. The
coding of commercial apparatus appesrs in the nomenelature of certain weightings. The
tame weighting nomenclature and units are used in military versins of commercial noise
measuring sets.

(a) 144-Line Weighting. A noise weighting used in a noise measuring set
to measure noise on & line that would be terminated by a subset with No.
144-receiver, or a similar subset. The meter scale readings are in dbrn
(144-line).

Note. This type of subset, desks.and with hand recefver, is vbsolete.
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(b) 144-Receiver Weighting. A noise weighting used in a noise measuring
set to Ineasure naise across the receiver of a subset equipped with No. 144-
receiver. The meter scale readings are in dbrn (144-receiver).

Neta. This type of submset, doskstand with hand receiver, is obsolete.

(c) F1A-Line Weighting. A. noise weighting used in a noise measuring set
to measure on a line that would be terminated by & 302-type or similar subset.
The metar scale readings are in dba (F14).

(d) HA1-Receiver Weighting. A noise weighting used in a 1oise measur-
ing set te measure noise across the HAl-receiver of a 302-type or similar
subset. The meater scale readings are in dba (HA1).

(¢) C-Message Weighting. A noise weighting used in a noise measuring
set to measure noise or: a line that would be tenninated by a 50C type or
similar subset. The meter-scale readings are in dbrn ((-message).

(N Flat Weighting. A noise mneasuring set amplitude-frequency charac-
terisiic which is flat over a specified frequency range, which must be stated.
Flat noise power may be expreesed in dbrn (f,—/3), or in dbm (f;—f;). The
terms 3-ke Flat Weighting, and 15-kc Flat Weighting are also used, for
characteristics flat from 30 cpe to the upper frequency indicated.

{g) Prophometric Weighting. A noise weighting established by the
International C'onsultative Committee for Telephony (CCIF, now CCITT),
designated sa CCIF-1951 weighting, for use in a noise measuring set or
“Peophometer.” The shape of this characterisiic is virtually identical to
thet of F1A weighting. The Psophometer is, however, calibrated with a
tone of 800 cps, 0 dbm, 30 that the corresponding voltage across 600 ohnis
produces  reading called 0.775 volt. This introduces a 1 dl, adjustment
in the formulas for conversion with dba. See Noise Measurement Units,
dbm peophometrically weighted.

NOISE LEVEL, CARRIER. See Carrier Noise Level.
NOMINAL BANDWIDTH. See Bandwidth, Occupied.
OCCUPIED BANDWIDTH. See Bandwidth, Occupied.
ONE-WAY REVERSIBLE. Ser Operation.

OPEN-CIRCUIT WORKING. A method of single current operation in
which no current flows in the circuit wiile the transmitting device is at rest.

OPERATION.

(n) Brondenst. That type of operation in which a transmitting point
emits information which may be received by one or more stations.

{b) Conference. A form of simplex operation in which n number of
stations ny simultuneously exchange infortnation rarry on conversations,
or pass messages among themselves.

(¢) Duplex (Full Duplex). A type of operation in which simultaneous
two-way conversations, messages, or information may he passed between
#ny two or more given points.
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() Half-Duplex (Single Telegraph Operation).” A circuit designed for
duplex operation, but which on nccount of the nature of the terminal equip-
nients. can be operuted alternately only.

(e) One-Wuy Reversible. Similar to half-duplex operation.

(f) Push-to-Talk (Press-To-Tulk). See Simplex.

® Sunplex That type of operation which permits the transmission of
signals in either direction alternately.

(h) Speech-Plus-Duplex (or Simplex). A method of operation in which
speech and telegraphy are transmitted simultaneously over the same circuit.

(i) Unidirectional (Send Only) (Receive Only). A method of operation
between terminals one of which is u transinitter and the other a receiver.

ORDER WIRE. (Also called Service Wire, Engineering Circuit, or Speaker
Circuit.) A circuit for use by maintenance personnel for communications
incident to lincup and miaintenance of communication facilities.

OUTPUT RATING. See Transmitter Power Output Rating.

OVERHEAD BITS. See Bits.

PEAK ENVELOPE POWER. See Transmitter Power Output Rating.
PHASE DISTORTION. See Distortion, Delay.

PHASE DISTORTION COEFFICIENT. See Distortion, Phass Coefictent.
PHASE MODULATION. See Modulation, Phase.

PILOT (in & transmiseion system). A signal wave, usually a single frequency,
transmitted over the system and used for either level control svm-hromntlon
or both.

POLARIZATION DIVERSITY. See Diversity, Polarization.

PROGRAMMER. That part of digital apparatus having the function of
controlling the timing and sequencing of operations or a person who prepares
sequences of instructions for a computer.

PSOPHOMETRIC VOLTAGE. See Noise.

PULSE. A signal characterized by the rise and decay in time of n quantity
whose value is normally constant.

PULSE AMPLITUDE MODULATION. See Modulation, Pulse Amplitude
FU" E UODE MOUULATION. See Modulation, Pulse Clode.

PULSE DECAY TIME. ‘The time required for the instantaneous sinplitude
to go from 90 percent to 10 percent of the peak value.

PULSE FREQUENCY MODULATION. See Modulation, Pulse Frequency.
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PUILSE, MARKING, TELETYPEWRITER. That significant condition of
# ‘modulution which resnlts in an uctive selecting operation in u receiving
apparstus. See Significant Condition.

PULSE RISE TIME. The time required for the instantaneous amplitude to
go froin 10 percent to 90 percent of the peak value.

PULSE, SPACING, TELETYPEWRITER. That significant condition of a
modulation which results in u passive selecting opsration in a receiving
apparatus. Ses Significant Condition of a Modulation.

PULSE TIME MODULATION. See Modulation, Pulse time.
PUSH-TO-TALK. Seé Operation.

pw. See Noise.

pwp. See Noise.

QUASI-ANALOG SIGNAL. A quasi-unnlog signul is w digita] signal, after
conversion to a form auitable for transmission over a specified analog channel.
The specification of an anulog channel would include frequency range,
frequency bandwidth, S/N ratio, and envelope delny distortion. When
v i form of signaling is used to convey message traffic over dialed up tele-
phone syatems it is often referred to as voice-data.

REDUNDANT CODE. A code using ‘more signal elemonts than necessary
to represent the intrinsic information. For example:
- (a) A five-unit code using all the characters of International Telegraph
Alphabet No. 2 is not redundant.
(b) A five-unit code using the digits only in International Telegraph
Alphabet No. 2 is redundant,
(c) A seven-unit code using only signals made of 4 “space’” and 3 “mark”
is redundant.
(d) An eight-unit code using one of the bits for parity is redundant.

REFERENCE LEVEL, SINGLE SIDEBAND EQUIPMENT. (Voice Fre-
quency Input Power to n Trunsmitter, one Sideband Only.) The power of
one or two equnl tones which together cnuse the transmitter to develop its
full rated power output.

REFLECTION COEFFICIENT
(n) The reflection coefficient ut the junction of n uniform transmission
line and a mismatched terminating impedunre is the vector rutio of the elec-
tric field associated with the reflected wave to thnut nssocinted with the in-
cident wave.
(b} At any specified plane in » uniform transmission line between n source
of power and an absorber of power, the reflection coefficient is the veetor
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ratio of the electric field associuted with the reflected wive to that associnted
with the incident wuve. It is given by the formula:

(Zy—2))[(Z4+ Z,)
where Z, is the impedance of the source and Z, is the impedance of the lond.

RELATIVE TRANSMISSION LEVEL. The ratio of the test tone power
at any point in a transmission system to the test tone powe. at some point
in the system chosen us u reference point. The ratio shul! be expressed in
db. The transmission level at the transmitting switchbe:urd is frequently
tuken as the zero level reference point. Ser Zero Transmiwion Level Rel-
erence Point.

REMOTE CONTROL EQUIPMENT. The apparatus used for performing,
monitoring, supervising, or a combination of these, a preacribed function or
functions at a distance by electrical means.

REPEATER. A device which amplifies or reshapes and/or retimes un input
signal for further retransmission,

(a) Broadcast Repeater. A repeater connecting several channels, one
incoming and the othe. nutgoing.

(b) Conference Repeater. A repeater connecting several circuits, which
receives telegraph signals from any one of the circuita and auwmamll\
retransmits them over all the others.

(¢) Regenerative Repeater. A repeater in which the signals retrans-
mitted are reshaped and retimed.

RESTITUTION (Demodulation). Series of significant conditions determined
by the decisions taken according to the products of the demodulation process.

RETURN LOSS. The return loss at the junction of a transmission line and
n terminating impedance is the ratio, expressed in db, of the reflected wave
to the incident wave. More broadly, the return loss is & measure of the
dissimilarity between two impedunces, being equal to the number of decibels
~hich corresponds to the scalar value of the .reciproenl of the reflection
coefficient, »nd hence heing expressed hy the formula:

Zx+7:

20 logo | & | =2 |ab

where Z, und Z, ure the two impedunces.
RF BANDWIDTH. St¢ Bandwidth, Occupied.
SELECTIVE FADING. Se Fading, Selective.
SERVICE BITS. Se Bits,
SHF (SUPER HIGH FREQUENCY). See Frequency Spectrum Designation.
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SIDEBANDS. The spectral erergy distributed above and below a carrier
resulting from & modulation procees.

SIGNAL ELEMENT. Each of the parts constituiing a telegraph or data
signal and distinguished from the othars by its nature, magnitude, duration
and relative position (or by one or some of these features only).

SIGNALING, COMMON BATTERY. A method of actuating & line or
supervisory signal at the distant end of a telephone line by the closure of a
de circuvit.

SIGNAL CONVERTER. A device in which the input and output signals
are formed according to the same code, but not according to the same type

of electrical modulation.

SIGNALING, INBAND. Signaling which utilizes frequencies within the
voice or intelligence band of a channel.

SIGNALING, OUT-OF-BAND. Signaling which utilizes frequencies within
the guard band between channels. This term is also used to indicate the
use of a portion of the channel bandwidth provided by the medium such as
the carrier channel, but denied to the speech or intelligence path by filters.
It results in & reduction of the effective available bandwidth.

SIGNALING, RINGDOWN. The application of signal to the line for the
purpose of bringing in a line signal or supervisory signal at a switchboard or
ringing a user’s instrument. (Historically, this was a low frequency (about
20 cpe) signal from the user on the line for calling the operator or for dis-
connect.)

SIGNIFICANT CONDITION OF A MODULATION. A condition assumed
by the appropriate device corresponding to the quantized value (or values)
of ‘the characteristic (or characteristics) chosen to form the modulation.
The following equivalent designations are used to identify the significant
conditiona for binary modulation:

Peassise Adtire
Froguency Mgk Freguency Mgh
A Z
0 1
Current Off Curreut On
Tone Off Tone On
Space Mark
- +
No Hole (paper tape) Hole (paper tape)

SIGNIFICANT INSTANTS.  The instants at which the successive significunt
conditions recognized hy th -uppropriate device of the modulation or resu-
tution begin. Each of these instants is determined as soon as the appropr. te
device takes up the significant condition usable for u recording or a processing.

SIGNIFICANT INTERVAIL. Tine interval between two consecutive
significant instants.
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SIMPLEX. See Operation.
SINGLE-HARMONIC DISTORTION. See Distortion, Single-harmonic.
SINGLE SIDEBAND TRANSMISSION. See Transmission, Single Sideband.

SKEW (FACSIMILE). The deviation of the received frame from the rec-
tangularity due to asynchronism between scanner and recorder.

SOUND-POWERED TELEPHONE. See Telephone Types.
SPACE DIVERSITY. See Diversity, Space.

SPACING PULSE. See Pulse, Spacing.

SPEECH PLUS DUPLEX. See Operation.

STANDARD TEST TONE. For use at the 600 ohins audio portions of a
circuit; shall be one mw (0 dbm) with a frequency of 1,000 cps, and shall b
applied at & zero transmission level reference point. (If applied to & point
with a relative level other than zero, the abeolute power of the tone shall be
adjusted to suit the relative level at the point of application.)

STORE-AND-FORWARD. See Switching, Message.

SUBCARRIER. A carrier which is applied as modulation on another carrier,
or on an intermediate subcarrier. See also Carrier. ;

SUPERGROUP. See Wideband System.

SUPPRESSED CARRIER TRANSMISSION. See¢ Transmission, Suppressed
Catrier.

SWITCHING CENTER. (Also caded Switching Facility, Switching Ex-
cliange, or Central Office.) An installation in & communication sysiem in
which switching equipment is used to interconnect communication circuits
on a message or circuit switching basis.

SWITCHING CIRCUIT. The term applied to the method of handling
traffic through a switching center, either from local users, or from other
awitching centers, whereby a distant electrical connection is est: blished
hetween the calling and called stations.

SWITCHING, MESSAGE. The term applied to any indireet or store-and-
forward traffic through a switching center, either from local users or from
other switching centers. Message switching, or store-and-forward, is the
technique whereby messeges are transmitted link by link through the
coinmunication network of switching centers.
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SYSTEM STANDARDS.

(a) The minimum required electrical performance characteristics of
comnmunication circuits which are based on measured performance of
developed circuits under the various operating conditions for which the
circuiwr were designed.

(b) The specified characteristics not dictated by electrical performance
requirements but necessary in order to permit interoperation. (For example,
the values for center frequencies for telegraph channels, test tone, etc.)
See also Designed Objectives.

SYSTEM, SYNCHRONOUS, A system in which the sending and receiving
instruments are operating continuously at substantially the same frequencv
and are maintained, by means of correction if necessary, in a desired phase
relationship.

TELECOMMUNICATIONS. Any transmission, emission, or reception ol
signs, signals, writings, images, and sounds or intelligence of any nature by
wire, radio, visual or other alectromagnetic means.

TELEPHONE TYPES.

(a) Electrically-powered Telephone. A telephone in which the operating
power is obtained either from batteries located at the telephone (local battery)
or fromn a telephone central office (common battery).

.(b) Sound-powered Telephonc. A telephone in which the operating
power is derived from the speech input only.

TERMINAL IMPEDANCE. The complex inpedance as seen at the unloaded
output or input terminals of a transmission equipment or line which is
otherwise in normal operating condition.

TEST-TONE, STANDARD. See Standard Test-tone.
TOTAL-HARMONIC DISTORTION. See Distortion, Total-karmonic.

TRANSITION, SIGNAL. The change from one signalin. condition to
another; for example, the change from “mark’” to “space” or from “space”
16 “mark.”  See also Pulse, Murking and Pulse, Spacing.

TRANSMISSION, ASYNCHRONOUS, A transmission process such that
between any two significant instants in the smme group,* there is always
an integral number of unit intervals. Between two significant instants
loeated in different groups, there is not always an integral nunmiber of unit
intervals.

TRANSMISSION, DOUBLE-CURRENT (POLAR DIRECT-CURRENT
SYSTEM). A form of binary telegraph transmission in which positive and
negative direct currents denote the significant conditions.

“In data transmission this group is a block or 4 chutacter
in telegraphy thia grougs is & charueter

2-24



DCA CIR 175-2A
1 Apr 63

TRANSMISSION, DOUBLE SIDERAND. That method of communication
in which the frequencies produced by the process of amplitude modulation
are symmetrically spaced both above and below the carrier frequency and
are all transmitted ; this is conventional AM,

TRANSMISSION, INDEPENDEN'L' SIDEBAND (TWIN SIDEBAND).
That method of communication in which the frequencies produced by the
process of amplitude modulation on opposite sides of the carrier are not
related to each other, but are related separately to two sets of modulating
signals. The carrier frequency may be either transmitted or suppressed.

TRANSMISSION, PARALLEL (COINCIDENT TRANSMISSION). The
simultaneous transmission of a certian number of signal elements. For
example: Use of a code according to which each signal is characterized by a
combination of 3 out of 12 frequencies simultaneoulsy transmitted over the
channel.

TRANSMISSION, SERIAL (SEQUENTIAL TRANSMISSION). Trans-
mission at successive intervals of signal elements constituting & data or
telegraph signal.

Note. The sequentisl elements may be transmitted with or without interruption,
provided that they are not transmitted simultaneoualy.

TRANSMISSION, SINGLE-CURRENT (NEUTRAL DIRECT-CURRENT
SYSTEM). A form of telegraph transmission effected by means of
unidirectional currents.

TRANSMISSION, SINGLE SIDEBAND. That method of communication
in which the frequencies produced by the process of amplitude modulstion
on one side of the carrier are transmitted and those on the other side are
suppressed. The carrier frequency may be either transmitted or suppressed.

TRANSMISSION, SUPPRESSED OR REDUCED CARRIER. That
method of communication in which the carrier frequency is suppressed
either partially or to the maximum degree possible. One or both of the
sidebands may be transmitted.

(a) Transmission, Double Sideband Suppressed Carrier. That method
of communication in which the frequencies produced by the process el
amplitude modulation are symmetrically spaced both above and below
the carrier. The carrier level is suppressed to a value of at least 45 db
helow the level of the transmitted sidebands.

TRANSMISSION, SYNCHRONOUS. A transmission process such that
hetween any two significant instants in the overall stream, there is always
an integral nuniber of unit intervals.

TRANSMISSION, VESTIGIAL SIDEBAND. That method of communi-
eation in which frequencies of one sideband, the carrier, and only a portion
of the other sideband are transmitted.
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TRANSMITTER POWER OUTPUT RATING.
(s) Whenever the power of a radio transmitter, etc. is referred to, it
shall be expressed in one of the following forms:

(1) Peak envelope power (pp), sometimes abbreviated (pep).

(2) Mean power (pm).

(3) Currier power (pc).

(b) For different classes of emission, the relatiouships between peak
envelope power, mean power, and the carrier power are defined as follows:

(1) Peak Envelope Power of a Radio Transmitter: The power supplied
to the antenna transmission line by a transmitter during one radio fre-
quency cycle at the highest crest of the modulation envelope, taken under
conditions of normal operation.

(2) Mean Power of a Radio Transmitter: The power supplied to the
antenna transmission line by & transmitter during normal operation,
averaged over & time sufficiently long compared with the period of the
lowest frequency encountered in the modvlation A time of one-tenth
second during which the mean power is greatest will be selected normally.

(3) Carrier Powar of 2 Radic Transmitter: The average power supplied
te the sntenna transmission line by a transmitter during one radio fre-
quency cycle under conditions of no modulation. This definition does
not apply to pulse modulated emissions.

(4) Effective Radiated Power: The power supplied to the antenna
multiplied by the relative gain of the antenna in a given direction.

TRANSPOSITION (data or telegraph transmission). A transmission defect
in which, during one character period, one or more signal elements are
changed from one significant condition to the other, and an equal number of
elements are changed in the opposite sense.

TWO-TONE TELEGRAPH, TWO-TONE KEYING. A system: employing
a transmiseion path comprising two channels in the same direction, one for
transmission of the space elements of a binary modulation, the other for
transmitting the mark elements of the same modulation.

UHF (ULTRA HIGH FREQUENCY). 8ee Frequency Spectrum Designa-
tion.

UNIDIRECTIONAL. See Operation.

UNIT INTERVAL. In a system using in equal-length code or in a system
during isochronous modulation (or demodulation), it 1s the terval of time
such that the theoretieal duration of the significant intervals of a telegraph
modulation are all whole multiples of this interval.

USER'S LINE. See Loop.

VESTIGIAL SIDEBAND TRANSMISSION.  Str Transmussion, Vestigial
Siudeband.

VHE (VERY HIGH FREQUENCY).  See Frequeney spectrum Desination
2-26
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VLF (VERY LOW FREQUENCY). See Frequency Spect..n Designation,

vi. Volume unit, the unit of measurement for electrical speech power in com-
munication work as measured by a vu meter in the prescritbed manner. The
vu meter is s volume indicator in accordance with American Standards
Asscciation ¢ 16.5-1942. It has a db scale and spccified dynamic and otlier
characteristics in order to obtain correlated readings of speech power neces-
sitated by the rapid fluctuation in level of voice enrrents. Zero vu equals
zero dbm in measurement of sine wave test tone power.

WEIGHT!NG. See Noise.

WIDEBAND SYSTEM. A system with a multichannel bandwidth of 20 ke
or more. .(Also called Broadband System.)

(a) GROUP. A sukdivision containing a number of voice channels,
either within a supergroup or separsiely, normally comprised of up to 12-
voice channels occupying the frequency band 60-108 ke. Each voice
channel may be multiplexed for teletypewriter operation, if required.

(b) SUPERGROUP. Normally 60-voice channels of a wideband path
or five groups of 12-voice channels each and occupying the frequency band
312-522 ke.

{¢) MASTER GROUP. Supergroups 4 to 8 form the basic master group
which occupies the frequency band 60-2,540 kc.

WORD (TELEGRAPH). By definition a telegraph word shall consist of
sixcharacter intevals when computing traffic capacity in words per

minute.
Mod ratex10

WPM={nits per character interval

ZERO TRANSMISSION LEVEL REFERENCE POINT. An arbitrarily
chosen point in a circuit to which all relative transmission levels are veferred.
The transmission level at the transmitting switchboard is frequently taken
as the zero transmission level reference point. See also Relative Trauns-
mission Level.
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3.2 Glebal Transmission Systems

3.2.1 (@eneral. DCS Reference Circuit (Wideband Systems): The DCS
Reference Circuit for Widehand Systems ia & four-wire, nominal 4-kc tele-
phome type circuit, 6,000 nautical miles long, for the transmission of telephone,
teletypewriter, grapbic and data communications signals and control signals.
The composition of the DCS Relerence Circuit (Wideband Systems) is shown
in figure 3.2.1. It consists of six links, each nominally 1,000 nautical miles
long, interconnected on & four-wire hasis at sudio frequency. Each has three
sections aominally 333 nm long, consisting of wire or radio facilities with
intermediste repeaters, as required, and equipped with frequency division
maultiplex equipment.
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3.2.2.4 Tropospheric Scatter Sy stema.

3.2.2.4.1 DSC Reference Circwit (Tropospheric Scatter). The composi-
tion of the DCS Tropospheric Scatter Reference Circuit coincides with that
of the DCS Wideband Reference Circuit described in paragraph 3.2.1. The
DCS Tropospheric Scatter Reference Circuit is further described in the follow-
ing paragraphs in terms of its transfer functions and interface parameters.
Actual tropospheric ncatter circuits which are a part of the DCS shall be de-
signed to have these transfer functions and interfuce parameters.

3.2.2.4.1.1 Transfer Function Parameters. The transfer function param-
eters define the properties of the DCS Tropospheric Reference Circuit in
terms of circuits utilizing 4-ke channel allocations involving the various distor-
tions, noise, stability, adjustment, and signal level loading. As indicated in
table 3.2.2.4.1.1, the parameters may be defined within three aspects: overail
reference circuit, transmission madium (including repeaters), and multiplex
equipment (for one nominal 1,000 nm link;.

3.2.2.4.1.1.1 Insertion Loss vs. Frequency. 'The response characteristics
are stated in terms of insertion loss referred to the 1,000 cps loss. Thus, a
positive figure denotes lower response, and a negative figure indicates a higher
response relative to 1,000 cps.

35
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~ Table 8.2.2.4.1.1. Transmission Specifications for DCS Reference Circuit Transfer Funclion
A ST e 3 B _ Normally- sssignahle to—
S A Overall refrencs |~
+ . circuit 6,000 nm Transmission
Parameier 4 (8 links) meadium, in- Multiplex equipment
B ’ L tim cludh:z‘re- (I'link only)
RN . ’ (’e’el?nks)
Insertion loss-frequency, ref. tn 1,000
¢ L
" 600-1,400 €pS_ Lo oo +4.0—-4.0db |.......... +0.7—0.7 db
400-3,00C P8 - - v v emmmmmmeemmans " 49.0-4.0db {.......... +1.5-0.7 db
300-3,400 P8 -..eeeneonenen s +180-4.0db |.____._.._ +3.0—-0.7 db
Envelope Geiay tcrtion, 1,000-2, 600 S
© OPA MAXeiiaeccmabiaiannmanaanaas +- 1,000 psee |._........ 160 zec
Median noise level, from nll sources, -
. during. time block 2:
‘Psophometrically  weighted at Tom i
COTLP, pWPiovuccvimanaandln 25, 000 20, 000 475 815
Equlv. whité noise, F1A linc wtg, o
s 12710 DI 38.0 37.0 | 20.8 23. 1
» Harmonlc distortion . _.i.aiii i SO R —40 dbmO
Gain' change for out- | +3.5dbmO | ... ... |l 0. 35 db max
put level  increase | +12.0dbmO |.._..__.... R S 6. 0 db min
from 0 dbmO, to~—.
Net loss variation, max at 1,000 cps
., sudio, or at any baseband [requency . +2.0¢h | £0.5db +0.2 db
Level adjustability_ ... ... .. .| ... ... .| +£0.5db +0.5 db
Max.-averall change ir any audio freq. +2¢p feoaeeaanas +2 cps
Stability of multi- | Initial setting
pica {requency Lo R .- 2 parts in 104
genet itor. Drift permonth . j. ..ol oo 2 prrty in 107
Single tone interference_ ... ... .._._.. 24dbal) |
Max. data/telegraph levels, single | . ______________|.......... (FSK)—13 dbmO

(AM)—10 dbmO
—15 dbmO

Noles: 1. The notse power shall be divided such that 5,000 pwp 2 asstigned te the o ttplex cquipinent and 20,060 pwp

to the tmnsndssion media,

2. The allowable tran:.nisslon media nolze tnoa seetlon of lenpth £, nautieal miles (2, lese than the 6,000-nantiead

mile referency circatt) is found by —

Nols e —-,—- X 20,000 pw

8,000
3. I total notse shall nol cxosed 316,000 pwp (AY dbat) 1eminnte mesn value mos than o cumulaiive 6t
pereent sduring time block 2 see pare, 322,48 1.3,

*

Single Linxk Channel Frequency Response

The frequency response referred to 1,000 ¢ps for the multiplea cquipment

(1 link only) shall be ns follows:
600~2,400 cps. ... ..
400-3,000 cps. . ....._..
300~-3,400 cps. .. .. ... ..

3-6

4+-0.7 —=0.7db
7]

—~0.7 db
0 —0.7db



DCA CIR 175-2A
1 Apr 63

Overall CSreuit Frequency Response

The frequency response referred to 1,000 cps for the overall 6,000-nautical
mile circuit shall be as follows:

600—2,400 CP._ - - - n e +4.0 —4.0db
400-3,000 OPS. . . .o +9.0 —404dd
300-3,400 CPO. - - or o +18.0 —4.0db

3.2.24.1.1.2 Envelope Delay Distortion. The envelope delay distortion
(differentis]l time delay between any two frequencies between 1,000 to 2,800
cps) shall not exceed 1,000 microseconds over the 6,000-nautical mile reference
circui* or 160 microseconds for the multiplex equipment of one link back to
back. Delays are taken to be directly additive.

3.2.2.4.1.1.8 Total Noise. The following standard applies to noise from
all sourcee in any channel of a system in which the entire baseband is loaded
with white noise at a level equivalent to the levels specified in CCIR Recom-
mendation No. 204, when the number of channels is taken to be two-thirds of
the actual number of channels. (CCIR Recommendation No. 294 is con-
tained in paragraph 3.2.2.4.8.3.)
The median of hourly median values of noise from all sources on any channel
of a system composed of tropospheric scatte. hops in tandem over a 6,000-
nautical mile reference circuit shall not exceed 25,000 picowatts (pw), psopho-
metrically weighted (38 dba F1A weighted) at zaro relative level, during time
block 2.! The median noise power shall be divided such that 5,000 pwp is
assigned to the multiplex equipment and 20,000 pwp to the transmission media.
The allowable transmission media noise in a section of length L nautical miles
is found by the following:

Noise=ﬂLmX20,000 pwp

The total noise over a 6,000 n.m. reference circuit shall not exceed 318,000
pwp (49 dbaQ) more than a cumulative 0.19, of time block 2. For a portion
of the system L nautical miles in length, the total noise shall not exceed

316,000 pwp more than a cumulative 67{:000X0'1% of time blocxk 2.

In any system, the .dian noise level and the percent of time for which 49
dba0 is exceeded e not independent quantities. Generally, if & aystem will
meet the wedian no e standard, it will meet or better the excessive noise (49
dba()) standari  In the DON, systems will be engineered to meet the median
noise standard anc then ol erhed by the methods of the addendum to this man-
ual to insure that the excessive noise stuindard is satisfied.  In the event it is
not, the system will be engineered to a lower median noise value such that th
exeessive noise standard ean also be met.

3.2.24.1.14 Harwonic Distortion.  Harmonic or in-channel distortion
shall not exceed —40 dbmO for one set of muttiplex equipment.

3.2.24.1.1.5  Gamn Change. A mensure of channel amplitude limiting is
the gain change for an output level inerease.  To define the range helow which

*Thiste e black 2of the Sosttan s Bure v of standards time block alloeations w bich are [isted in the e ddentum to
tHe stundards e hic ok 2 dohnee b s BIo0 o0 e tstandard time November through Apet] I the temperature
rone of the wonthorn he miphoro 8 and ad apphn s to time block 3 0o et Say throtgh Ocinbers

37



DCA CIR 175-2A
1 Apr 63

there should s minimal channel limiting, and above which limiting should
increase eharply to prevent overloading of common amplifiers, channel limiting

-requirements nre as follows: (These points are to be joined by a smooth curve.)

(a) Gain reduction for an output level increase from zero dbmO to --3.5

.dbmO shall not be over 0.35 db.

{b) Qain reductioz for an output lavel increase from zero dbmO to 412

" dbmO shali be at least 5 db.

3.2.2.4.1.1.6 Net Loss Variation. The net loss variation due to one set
of multiplex audio-to-audio, back-to-back, shall not exceed +0.2 db.
Allowing for variations due to the transmission medium, the overall variation
allowable for the 6,000-nautical mile reference circuit shall be +2.0 db.

3.2.2.4.1.1.7 Level Adjustadility. To bold systern misalignment to
reasonable limits, it shall be possible to adjust the level of test signals to +0.5
db at audio points,

. 3.2.24.1.1.8 Mazimum Quverall Chanye in Audio Frequency. Any audio

the other end with an orror not exceeding +2 cps.

3.2.2.4.1.1.9 Stability of Multiplex Frequency Generator. The accuracy
of the initial adjustment of the master oscillators controlling the various carrier
frequencies in the multiplex equipment shall be 2 parts in 10* of the selected

~ frequency. . The rate of {requency drift shall not exceed 2 parts in 107 per

month. The change in frequency on changeover from the operating to the
standby oscillator shall not exceed 4 parts in 10, due to adverse combinations
of.10 percent changes in supply voltages. Means shall be provided to compare
frequencies of master oscillators in the same station, and between different
stations, to an accuracy of 1 part in 10",

3.2.2.4.1.1.10 Single-Tone Interference. Single frequency tones shall ot
exceed a level of 24 dbaO when tue channel is usea for active speech trans-
mission.

3.2.24.1.1.11 Data, Telegraph, and Speech Signal Levels. In systems
with many channels, with some channels loaded with voice currents, and others
with data or telegraph siznals, the levels of the latter shall be determined in
the following manner to maintain established loading factors for the common
amplifiers. When twc or more dats or telegraph channele are operated over
the sam~ voice channel, they shall be operated at still lower levels to produce
equivalent loadings. Data or telegraph signals with FSK modulation produce
constant power loading, while AM systems operated at teictypewriter speeds or
higher, effectively load the voice channel about 3 db less, and henre may be set

*

L)
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at levels 3 db higher than FSK. The maximum levels for signal tones in a
voice channel shall be—

For more than one subchannel per voice channel, these levels shall be reduced
by (10 login) db, where . is the number of subclannels, or 3 db lower each
time the number of suk_hannels is doubled. The mean absolute power st zaro
relative level for speech plus signsling currente over a telephone channel shall
be —15 dbmQ, It is anticipated that in a system with no voice traffic, the
data or telegraph loading ievels may be increased.

3.2.24.1.1.12 Test Procedures. ‘Test procedures, where applicable, are
given in chapter 5.

3.2.2.4.1.2 Interface Parameters. The interface parameter requirements
summarized in table 3.2.2.4.1.2 differ from the transfer function parameters
in that they are primarily concerned with the interconnections between trans-
mission circuits and switching equipmeni or end instruments (in allocated
circuits), and between different parts of the transmission system. They deal
with impedance, voltage and power levels, and frequency Lands, which are
specified so that a building block relationship is set up to provide maximum
interchangeability and flexibility. Primary interfaces occur where transmission
circuits meet switching equipments or end instruments. Secondary interfaces
occur within the transmission system where circuits or aggregates of circuits
of the same or a different subsystem meet at audio, group, supergroup, bassband,
or intermediate frequencies. All levels specified shall be within +0.5 db.

3.2.24.1.2,1 Audio Frequency Interface.

3.2.2.4.1.2.1.1 Tranamission Levels, Multiplexr Equipment.

(a) The input to the channel modulstor shall be --16 dbr.

(b) The output from the channel demodulator shall be 47 dbr.

(e) The input and output levels specified apply to the multiplex equipment
proper, and provide a net gain of 23 db in each one-way path. These levels
shall apply to all channels of the multiplex equipment, without regard for the
net loss tc be provided by any particular trunk, whether terminated on a two-
wire or u four-wire basis. All channels shall be maintained on the same
basis, 80 that & —16 dbm test tone at any modulator input shall result in a
+7 dbin output fromn the distant demodulator, insuring that all channels are
interchungeable and may be freely putched at multiplex access points without
need to change ndjustments integral to the muitiplex equipment.

3-9
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chle 3.!.8.4.1.!. Trarumunon Specifications for DCS kqemu:c C'm:mt (Troposcatter)—
_ . Interface Characteristics -
D Pammeter Requirement
: T L A

Audlo 8ide o' Multiple: Equipment (4-w|re)
“Relative level, modulator input. ... ... : — 16 dbr
Relative level, demodulator ~utput....... Pt o ) 4+ 7 dbr
Impedance, balanced/channel. ... ... ....... . 600 ohms
Return loss vs. 600 ohms. .. _.._..._ mmam e 28 db min
Level adjustabllity.._..........c....looid T £05db

Basle Group Frequenecy: ) ‘
1 Basic group frequency band (12 channels) .| 60-108 kc
Impedance, balanced/unbalaneed. ____.__... - 135 ohms/75 ohms

Basic SBupergroup Frequency: )

) Basic nupergroup frcqucncy baml (60 chan- - 312-552 ke

nels). '

Impedance, unbalanced. ... _..___... FUTURN B 78 ochms

Baseband Bide of Multiplex Equlpment : : RF Equlpment | Multipler
' Relative levels (transmiulng) per channel 2 48 dbr, input | > —35 dbr, outpu

(i.e., of o test-tone) o , .

Reh.tlve levels (recelving) per ehunnel ...... >-15 dbr, output | > —25 dbr, Input
Impedmce, balanced/unbalanced........._. 135/75 ochms 135/75 ohms
Return’loss vs. nominal impedance ...... :--| 20 db, min 20 db, min

Intermediate Frequency: o : o
FreqUeNCY . e iceccanaaean 70 me
Impedance, unbalanced... ... ... .. ..., . - 78ohms
Return loas vs. 7T50hms....__.._.__...... : 20 db, min
8ignal Output level (IF repeater only)...... ’ 20.8 volt, rms
Signal Input level (IF repeater only)__._5__ >0.3 volt, rms

3.2.2.4.1.2.1.2 Transmission Levels, Trunk. .Four-wire input and output
levels of trunks, at points accessidle to the restoral or switching equipment (or
user equipment in the case of allocated circuits), shail be adjusted to meet
levels and circuit net losses determined for each particular group of circuits by
the overall transmission plan for the transmission network. Such circuit net
loss adjustments shall be made independently of the multiplex equipment
controls by inserting suitable attenuators or pads between the acccss terminals
and the multiplex equipment. The 23 db net gain of the one-way channel
facilitates mnking various interconnections to obtaip special multiple or
branching arrangements, to insert or bridge supervisory and monitoring equip-
ment, etc.  When two multiplex channels are permanently connected in tandem
to build up a longer circuit, the level dispurity shall be met by inserting 23 db
loss in each side of the four-wire path.

3.2.2.4.1.2.1.3 Impedance and Ileturn Loss. The umpedance shall be
n nominal 500 ohms, balanced to ground, with n return loss against 600 ohms
of 26 db minimum over the audio bandpass with equipment lined up at correct
levels.

3.2.2.4.1.2.1.4  Level Adjustability. lLeveis shall be adjustable to within
+0.5 db.

J——
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3.2.2.4.1.2.2 Group Frequency Interface

(s) Frequency Band--(i2 chsnnel-) 60 w 108 ke.

(b) Impedance—135 ohms, balanced to ground, or 75 ochms unbalanced,
and a minimum of 20 db return loss over the group frequency range.

3.2.2.4.1.2.3 Supergroup Frequency Interface.

(s) Frequency Bani—(60 channels) 313 to 522 ke, upper sideband of
individual chunnels.

(b) Ircpedance—75 ohms, unbalanced to ground, end a minimum of 20
db return loes over the supergroup frequency range.

3.2.2.4.1.2.4 Multiplez Baseband Interface. Thisinterfaceisof considerable
importance since here the multiplex equipment meets the radio equipment of
a radio relay system or the terminal carrier repeaters of a wire line system.

3.2.2.4.1.2.4.1 Levels, Transmitting Direction. The multiplex equipment
shall déiiver a muitipiex wignal -wiil, & par-channel relative test tone level of at
least —35 dbr. The radi» transmitting equipment shall operate properly on
a relative level as low as -—45 dbr per channel.

3.2.24.1.2.4.2 Leveis, Receiving Direction. 'The radio receiving equipment
shall deliver a multiplex signal with a per-channcl relative levei of at loast —15
dbr. The multiplox equipment shall operate properly on a relative level as
low as —25 dbr per channel.

3.2.2.4.1.2.4.3 Impedance and Return Losses. The nominal irhpedance
for balanced equipment shall be 135 ohms; the nominal impedance for unbal-
anced equipment shall be 75 ~hms. Against the nominal impedance, the return
loss shall be at least 20 db. Table 3.2.2.4.1.2.8 indicates application of the
balanced and unbslanced impedances according to number of channels in radio
relay systems, and the frequency allocations of the baseband.

3.2.2.4.1.2.5 Intermediate Frequency Interface. The IF portion of radio
relay equipment may provide an interface in some system designs. The fol-
lowing parameters shall be met:

(a) Fraquency —70 mec.

(b) Impedance and Return Loss—The impedance shall be 75 ohms,
unbalanced, and shall have a return loss against the nominal impedance of at
least 20 db.

(¢) Signal Levels In the receiving direction the IF output voltage
shall he equal to or greater than 0.5 volt rms; in the transmitting direction, the
required TF input voltage shall not exceed 0.3 voit, rms.

3.2.2.4.1.2.6 Madulation Plan. (Under « onsideration. See tuble 32 2.4.-
126)

3.2.2.4.2 Noise and Interference,

3.2.2.4.2.1 The total noise from all sources appearing in any channel
shall not exceed n median value of 25,600 pwp (38 dba F1A weighted) during
time block 2
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3.2.24.2.2 Aliocation. The following allocation of allowable median
ncise to various parts of the DCS Reference Circuit shall be followed unless
different trade-offs are dictated by particular requiremerwa:

(a) Multiplex equipment._._._._ ... . ... ... ... 5,000 pwp
One Link

Channel tranglation. ... .. . .. . ... 345 pwp
Group modern equipment (2)...._ ... ... ... ... .. 140 pwp
Supergroup modem equipment (3)......... ... ___..... 180 pwp
Through group filter and AGC equipment (3).._ ...__. 150 pwp
Total foronelink. .. ... . ... ... 815 pwp

Total multiplex equipment for six links_._____.__ ... .. 4,800 pwp

(b) The 20,000 pwp median noise assigned to the transmission media shall
be derived in equal parts from the two principal sources, thermal and inter-
modulation, thus allowing 10,000 pwp thermal and 10,000 pwp intermodulation
noise.

Table' 3.8.2.4.1.8.6, DCS modulation Plan

Baasic { 18-channel) Group: (Under consideration)

A

Besic (80-channel) SBupergroup: Five groups iranslated (as upper sidebar. is) o occupy the
basjc supergroup frequency band 312 to 552 ke.

Treq. limts ¥ Power level per channel
Number of |band occupied] ;™. | Nominal impedance hassbend Continuity piiot
«hannels ?{c)“(‘n:m) baset (ohms) outpat freq. ke) (note 1)
(kej (dbm 0)2 (abn%'?z
24 12-108 | 12-108 | 135 bal —45 | +4.5 | 116 (or 119)
60 12-252 | 12-252 | 135 bal —45 | +1.75 | 304 (or 331)
*60-300 | 60-300 | 75 unbal —45 ) —15
120 12-852 | 12-552 | 135 bal —45 | +1. 75 | 607 (or 304)
*60-552 | AO-552 | 75 unbal —45 | —15
Pilots
1. Frequency comparison and control monitoring (Under consideration)
2. Thrangh regulating pilot (Under consjderation)

Notes. 1. Frequency stability of continuity pilot shall be better than S parts in 104
2. *Randwidth of white nowse spv cirum for intermolulation noise measurements

3.2.24.2.3 Distrbution. A time distribution is required since troposcatter
systems are subject to fading which causes the noise power to increase con-
siderably from time to time. Excessive noise caused by unsatisfactory radio
transmission shall not exceed 316,000 pwp (49 dba F1A at zero relative level),
more than 0.1 percent of the time, during time block 2.
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3.2.2.4.2.4 Interference. Tinintentional interference shall not be allowed
to exceed a level as follows when the channel is used for active spsech trans-
niission:

(») Cochannel. . ... . . . e me——.- 24 dbaO
(b) Adjacent channel __.___ . .. .. iaaa.. 21 dbaO
(c) Unidentified. .__ . .. .. .. .. eicceeaanen 21 dbaO

3.22.4.3 Transmission Properties. Standards relative to the determine-
tion of transmission loss are given in 3.2.2.4.4. In order to facilitate the com-
parison of results, the following is given so that the transmission loss determina-
tions may be presented in a uniform manner.

3.2.2.4.3.1 Long-Term Variations.

3.22.4.3.1.1 The hourly median transmission loss not exceeded during
50%, 90%, 99%, and 98.9% of all hourly médians of the period of refarence shall
be determined. The period of reference shall not be less than 1 month during
the winter period.? Data shall also be given to show the distribution of tne
hourly median transmission loss over the period of a year.

3.2.2.4.3.1.2 The statistical results of the transmission loss determinations
shall be displayed on probability paper. The transmission loss shall be plotted
along the ordinate and expreseed in decibels; the percentage of time shall be
plotted along the abscissa, with a scale lollomng the Guumn probability law,
with percentages increasing from left to right.

3.2.2.4.3.2 Short-Term Variations. In order to compencate for the shidrt-
term (within-the-hour) variations, methods shall be provided to limit thé fades
to no greater than 10 db below the mean of a single Rayleigh fading npul more
than 0.01 percent of the time during any hour.

3.2.2.44 Transmission Loss Calculations.

3.2.2.4.4.1 Radio Reference Atmosphere. The Standard Radic Reference
Atmosphere shall be the three-part imnodel as follows:

(a) The radio refractivity, N, decreases linearly in the first kilometer above
the surface; that is,

N=N,+AN(h—h,), L, SASRA, 41

(b) The radio refractivity, N, equals 105 at 9 km abova sea level and the
refractivity decreases exponentially between 1 km above the earth’s surface,
h,+1, to the value of 105 at 9 km; that is,

N=N, exp ((—cth—h,— 1)), h+1<hSH,

where

e L - In 108 105

B ™ N
and
N is the value of N at A=h,+1
* {t ixrecommenied that the seference value of tranamission loss b - the medisn of all hourly medians w ithin the period

November-April, 1200-1800 (NBS time block 23, snd the distribution of the hourly medi -, tranamission Joss be deter-
mined for this period,
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(c) Above 9 km the refractivity is determined by:
N=105 exp ((—.1424 (A—9) )), A>9 km.
N is the radio refractivity.
N, is the surface value of refractivity.
AN is the difference in N values at a height of I km above the surface
and at the surface.
A is the height above ses level.
A, is the height of the surface above sea level.
The constants for the standard radio reference atmoaphere are given in table
3.2.2.4.4.1 and shall be used in the computation of the basic median transmis-
sion loss due to forward scatter in the troposphere.
8.2.2.44.2 Path Geometry. The geometrical para.neters defined in figure
3.2.2.4.4.2, apecifically the path distance, d, and radio horizon elevation angles
ag and Sy, shall be determined using factofs of the accuracy specified in
3.2.2.4.7, Siting, and with the effective earth’s radius, a,, defined in table
3.2.2.4.4.1, Constants for the Standard Reference Atmospheres.
3.2.2.4.4.3 Transmission Loss Due To Forward Scatter The transmission
losa ahall be determined either by (1) computation, or (2) from path loss
measurements and computation combined.
822.4.43.1 Computation. The basic equation for the computation of
transmission loss shall be based on empirical data and shall contain, as s
minimum, terms showing the effects of frequency, angular distancs, and mete-
orological conditions. The computed transmission loss vsing the basic equa-
tion shall be an hourly median value based on the Standard Reference Atmos-
pheres (3.2.2.4.4.1) and on geomerical parameters to the sccuracy specified
in 3.2.2.4.7. The data shall be presented to show the hourly median trans-
mission foss not exceeded for 50%, 90%, 99%, and 99.9% of all hours during
the period of reference.

Table 3.2.2.4.4.1. Constants for the Siandard Reference Aimosphere

N, Ay oot o' miles ~AN & a, mailes epwe KM

O 0 3960. 0000 0} 100000 | 3960.00| O

200.. . . ....... 10,000 | 3961.8039 [ 22.3318 | 1.16509 | 4610.53 [ 0. 106211
20 ... 5, 000 3960. %470 9. 5124 1. 23165 4878. 50 0. 114559
11 ] 1, 000 3960. 1804 39. 2320 1. 33327 5280. 00 0. 118710
33 . 900 3960. 1324 41. 9388 1. 36479 5403. 88 0. 121796
350 ... . . [}] 3460. 0000 41 5530 1 48905 HR96. 56 0. 130579
400.. ... .. .. 0 3960. 0000 68, 1295 1 76684 6996. 67 0. 143848
450 ... 0 1$960. 0000 a0, 0406 2 34506 9286. 44 0. 154004

|

Notea. a,is the effective sarth’s radiusand fseq  toa’k
a’ =a+h, where A, i the hejght of the earth's surisoe abuve sea level
a =3,960 miles

1 M
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Scotter h
Volurne | ¢9

Distances are measured in statute miles along a great circle arc
DS
oo =—5— +6or + Bor
Figure 8.2.2 5.2, Geometry for a Linear Gradient Atmosphere.
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3.2.24.4.3.2 Mearurement. Measurement of the transmission loss for a
particular path shall be considered of value only if the following conditions
are met:

(s) The measurement period is of a duration sufficient to significantly
reduce the prediction uncertainty of the median value of transmission loss to
3 db or less, but in any case, is not less than 20 days.

(b) The measurement apparatus is placed at the actual terminal location,
or at & terminal location so the station elevations, antenna heights, and
obstacle points are equivalent to the actual path.

(c) The frequency used for the measurement is within +25 percent of
the operating frequency of the proposed system.

The data collected shall be presented to show the transmission loss not ex-
ceeded for 0.1, 1%, 10%, 50%, 80%, 99%, and 99.9%, of ail hours during
the period of measurement.
The measurement data shall be used “only ‘o decrease the prediction uncer-
tainty of the computed tranamission loss, and shall not be used in lieu of the
computed transmission loss.

8.2.24.5 Frequency Assign

3.2.24.8.1 Unit of Sepamtwn The unit of frequency separauon shall
be 0.8 mes, and the spacing between frequency allocations used in a given
syatem shall be an integral multiple of 0.8 mos.

3.2.24.8.2 Transmit-Receive Frequency Separation.

(s) The minimum separation between a tranemit and receive carrier
frequency of the same polarization on the same antenna shall be 120 mcs.

(b) Where two frequency channels are handled on separate antennas, or
at different polarizstions, the frequency separation in (s) above may be reduced
by an amount corresponding to ¢he increased loss between the two frequencies,
but shall not be less than (c) below.

{c) The minimum separation between a transmit and receive carrier
frequency at a single station shall be 50 mcs, but in any case, an integral
muitiple of 0.8 mes.

(d) To avoid interference within a single station, separation of the
transmit-receive frequencies shall not be near the first IF frequency of the
receiver.
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3.2.2.4,5.3 Transmit (Receive) Frequency Separations. The minimum
separation of transmit (receive) carrier frequencies s.all he seven unite (5.6
mes) for systems with 36 channels or less. (Table 3.2.2.4.5.3 shows the
recommended separation for a larger number of chanuels.)

3.2.24.5.4 Frequency Plan. The frequency channels shall be assigned
on & hop-by-hop basis such that the median value of an unwanted signal in
the receiver, due to using the same or adjacent frequency channels in two relay
sections, shall be at least 10 db below the inherent noise level of the receiver.
(A recommended frequency plan is skown in figure 3.2.2.4.5.4.)

3.2.2.4.6 Equipment Performance.

3.2.2.4.6.1 Antennas. The antennas used at each station shall be the
broad band, high gain parabolic-reflector type, cspable of operating satis-
factorily on any of the possible assigned frequencies in the band of operation
specified.

3.2.2.4.6.1.1 (‘haracteristic Impedance. The characteristic impedance
shall be a nominal 50 ohms.

3.2.2.4.8.1.2 Voltage Standing Wave Ratio (VSWR). The VSWR shall
not exceed 1.2 to 1.

3.2.2.4.6.1.3 Diversity. In order to maintain continuity in transmission,
two distinct transmission systems shall be provided in each direction in each
hop, the combination of which shall provide diversity.

Table 3.2.2.4.5.8. Transmit (Receive) Frequency Separations

Maximum number of channels Maximum Frequency

IF bandwidth separstion

0. i iae cecmcaana- 3 mes 5.6 mes
B0 e ieiiaaaas 6 mes 11. 2 mes
120, i iicmnnaeaaa 10 mcs l 16. 8 mes
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3.2.2.4.6.1.3.1 Spacing. In order that fading of the received signals be
substantially uncorrelated, antennas placed in space diversity should be spaced
at 100 wavelengths apart or graater, but in no case be less than 70 wavelengths,
in the direction normal to the great circle route to the adjacent station.

3.2.24.62 Transmission Line. The transmission line used shall be capa-
ble of transmitting the RF power required with the characteristics listed below.
The use of coaxial connectors shall be held to a minimum. The length of any
transmission line shall be held to a minimum commensurate with good engi-
neering practice and shall not exceed 200 feet in any case.

3.2.2.4.8.2.1 Characteristic Impedance. ‘The characteristic impedance shall
be & nominal 50 ohms,

3.2.2.4.8.2.2 Voltage £ und ..y Wave Ratio (VSWR). The VSWR shall
be less than 1.05 to 1 when terininated in the characteristic impedance of the
line.

3.2.2.4.8.3 Receiving I puspment. The several receivers provided for
diversity reception at each station shall have éimilar characteristics, and as
an optional feature, each shall have provisions for a parametric amplifier to
achieve a noise figure ©2 db or-less for frequencies below 3,000 me¢ and 3 db
or less above 3,000 me, and threshold extension to extend the threshold 7 db
or more below the design value.

3.2.2.4.63.1 RF Input Impedance. The nominal RF input impedance
shall be 50 ohms.

3.2.2.4.6.3.2 Frequency Stabilsty. The center frequency of the receiver
shall be controlled to £0.01 percent or better for all operating conditions.

3.2.24.6.3.8 Image and Out-of-Band Frequency Rejection. Image and
out-of-band frequencies shall be rejected by at least 60 db.

3.2.2.4.6.3.4 Intermediate Frequency Characteristics. The nominal center
value of the intermediate frequency shall be 70 me. The nominal output
impedance shall be 75 ohms, unbalanced. In the receiving direction, the IF
output voltage shall be equal to or greater than 0.5 volt, rma; in the transmit-
ting direction, the required IF input voltage shall not exceed 0.3 volt, rms.
The transmission amplitude characteristic shall be uniform within 1.5 db
over the intermediate frequency band.

5.2.24.84 Transmitting Equipment.

3.2.2.4.6.4.1 Carcier Frequency Stability. The carrier frequency shall be
controlled to within +0.G1 percent.

3.2.2.4.6.4.2 FErciter Output Impedance. The nominal exciter output
impedance shall be 50 ohms.

32.2.4.6.4.3 Power Amplifier Input-Chutput Impredances. ‘The input and
outpnt impedunces of the power ampliner shall be nominally 50 ohims

3.2.2.4.6.4.4 Spurious Emission Supression.  Spurious emissions occuring

outside the assigned band shall be suppressed 80 db or more below the enrrier
output.

3.2.2.4.6.4.5 Dreemphasis (haracteristie.  Vhere preemiphasis® is used,
the preeinphasis characteristic shall be such that the effective (rms) deviation
due to the multichannel sipnal is the same with and without preempliasis.

11t is recommended that the precmphasis characteristics he that obtained by the network given in CCIR Recom-
mendation No. 278

3-19



DCA CIR 175-2A

1 Apr 63
3.2.2.4.5.5 Multiplexring Equipment. Characteristics of the multiplexing
equipment are specified in 3.2.2.4.1.1, Transfer Function Parameters, 3.2.2.4.1.2,

Inwrface Parameters and 3.2.3.3, Performance Standards for Frequency vax-

sion Channehng Equipment. . -’

~ 8.2.24.6.6 Test Procedurea Test procedures, wh.,m sppl:cable are given

©in chapter 5.

O 8.2.24.7 Sumg The determmauon of path pammeters uhnll be in three
pa.rts (1) the preliminary determmatlon, (2‘ the site survey, and (3) the final
determinat:ion.

3.2.24.7.1 Prehmmary When u prehmmary study is made, prior to
actual site survey, such that several alternate sites are selected, maps shall
bo used with a scale of at least 1 in 250, 000 with contours at not moro than

80-meter intervals. Distance shall be determined to the nearest milo.
3.2.2.4.7.2 Site Survey. The selected site(s) shall be surveyed, such that
8 terrain profile may bo constructed showing the distances and clevations aloug
the path azimuth, with an accuracy not less than the following:
(e) Coordinates to third order accuracy:,
.(b) Elevations to the nearest 5§ meters. '

-8.2.2.4.7.8 Final Determination., .The final path parameters (path profile)
shall be determined with an accuracy not lcu than the following:

(a) All distances to 0.1 mile. ‘

(b) All azimuths to 10 seconds.

(c) Maps utilized shall have a scale of 1 in 25,000 with contours at 5-mater
intervals, In.areas where maps to this scale are not available, a scale of up
to 1 in 100,000 with contours at not more ¢hian 30-meéter intervala may be used.

8.2,2.4.74 Hazards. The following .conditions shall a.pply regarding
hazards to personnc! and equipment:

» (a) The area in the vicinity of the antenna(s) shall be rcsmct,ed to provent
madvertent entry so that personnel not:be:exposed to either continuous or
intermittent power levels in excess of 0.01 watis per square centimeter, average
power.

(b) The area in the vicinity of the high power equipment shall be resiricted
to prevent inadvertent entry so that personnel not be exposed to X-radiation
exceeding 2.5 milliroentgens per hour or 100 milliroentgens during & 40-hour
week.

(c) Fuel storage areas shall not be exposed to RF pewer in excess of 5.0
watts per square centimzter, peak power.

(d) Power levels constitating hazards to explosives have not been firmly
established.

(¢) Power levels constituting hazards to equxpment have rot bcen firmly
established.

, 3.2.2.4.8 Systems Performance. For analysis ‘purposes, it is convenient
to consider systems performance in terms of (1) Single Hop Performance, and
(2) Tandem Hop Performance.

3.2.2.4.8.1 Single Hop Performance.

3.2.2.4.8.1.1 Noise in a Real Circuit. The psophometrically weighted
noise power excluding multiplex equipmeut noise, at a poiut of zero relative
level in the audio channels of a real troposcatter hop of length L nauticel
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miles, where L is leas than 1,000 nautical miles and whose composition does
not differ appreciably from the DCS Reference Civeuit, shall not—
(s) Exceed ¢ 3.33L pwp median during time Nock 2.

(b) Exceed 316,000 pwp more than a cumulative i-%axo.oz percent of

time block 2.

3.2.24.8.1.3 Performance Tests. Performance tests shall be made on each
bop to determine the quality of transmission.® These tests shall be in two
parts: (1) local tests, and (2) transmission system testa.

3.2.2.4.8.1.2.1 Local Tests. The local tests, from multiplex input to
multiplex output including the radio transmitter and receiver, shall include
but not be limited to those tests required to establish the characteristics specified
in 3.2.24.1.1 Transfer Function Parameters. (Procedures are given in
chapter 5.) ’

3.2.2.4.8.1.2.2 Tronsriission System Tests. The traiaiaiesion system
tests, including the propogation medium shall includs as a minimum the
measurement of .stability of the met gain or loss in the baseband and total
noise including interme.ulation noise. (See 3.2.2.4.8.8.)

$.2.2.4.8.1.2.8. Duration of Measurement.

3.224.8.1.2.3.1. Continuous Uniform Spectrum. Total noise messured
in each direction in each hop with a continuous uniform spectrum signal shall
be of a duration necessary to establish a correlation between the total channel
noise and the received signal power, but in any case shall not be less than 73
hours valid data.

82.2.4.8.1.2.8.2 Received Signal Level. The received signal power in exck
direction in each hop shall be recorded continuously for a period not less thrn
30 days (preferably 6 months). This data shall be presented to show the signal
power exceeded 0.1%, 1%, 10%, 50%, 90%, 90%, and 99.9% of all hours
duting the period of measurement. The correlation between the received
signal power and total channel noise shall be siown.

3.2.2.4.8.1.2.3.8 Noise in Actual Trafic. The total noise messured in
actual traffic in each hop in each diroction after the system is in operation shall
be recorded continuously for a period not less than 30 days (preferably 6
months).

3.2.2.4.8.2 Tandem Hop Performance.

3.2.2.4.8.2.1 Noise in a Real Circust. The psophometrically weighted
noise puwer, excluding multiplex equipment noise, at a point of sero relative
level in the ‘dio channels of a real troposcatter system of length L nautical
miles, where I is between 1,000 and 6,000 nuutical miles, and whose com-
position does not differ appreciably from the DCS Reference Circuit shall not—

(a) Exceed ® 3.33 L pwp median during time block 2.

(b) Exceed 316,000 pwp .nore than a cumulative
time block 2.

6,000)( 0.1 percent of

1t is not expected that all hops will meet this nolse Kmit, some hops will be heiter and some worse; however, the
cumulative nolee power from all hops in tandem within the 1,000-nautioal mile referemee Jink sall meet the performance
criteria apecified.

5 It is axsumed that each piece of equipment has heen properly instalied and adjusied, and that teansmismon levels
huve heen properly set.

€ 11 i aasumed that at the demodulation polnts of & resj circuit, the sudio channels, groups, And supergroups sre
interconnected at random. in particular, ¢ is assumad that the notsr coming from the different s¢ Liotw 8 power additive
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3.2.2.4.8.2.2 Performance Tests. Tandem hop performance tests over
the entire system shall include as a minimum the measurement of stahility of
the net gain or loss in the baseband and total noise including intermodulation
noise.

3.2.2.4.8.2.2.1 Duration of Noise Measurement. The total nioise in each
direction in the entire system shall be recorded for a period o0 provide 72 hours
of valid data as soon as practicable after initial installation.

3.2.2.4.8.3 Total Noise Measuremend. Total noiss, including crosstalk
noise, should be measured with a continuous uniform spectrumn signal or during
actual traflic. Measurement with a continuous uniform spectrum signal is

" made while the system is not carrying actual traffic and with a white noise

signal representing system loading during busy hours; measurecment during
actual traffic is made in bands just outside the total multiplex band, in actual
traffic conditions.

3.2.2.4.8.3.1 AMeasurement With Continuous Uniform Spectrum Signal.
It is desirable to be able to measure the performance of radio relay systems
which are for use with FDM under conditions closely approaching those of
actunl operation, without necessarily having FDM equipment installed and
connected, For systems with 12 or more channels, it has been established that
a white noise signal (a signal with a continuous uniform spectrum) has statisti-
cal properties similar to those of a multichannel multiplex signal. This type
of test uses a white noisc generator producing a spectrum of width corresponding
to the multiplex signal it replaces, but with specified gaps produced by stop
filters, at the lower and upper edges of the baseband (just within or just outside)
and at the center of the baseband. The noisc measurements are made in the
stop bands, through suitable receiving filters. Specifications are given below
for those parameters. They correspond to CCIR Recommendation 294
(Warsaw, 1956—1.08 Angeles, 1959).

(n) White noise signal spectrum—Table 3.2.2.4.8.3.1 gives the bandwidth
for systems with 24 tc 600 chaunels, for the allocations starting at 12 kc at the
lower edge.

(b) White noise signal power levels—The power level of the white noise
signal is computed according to 'the following formulas, relative to 1 mw at a
point of zero transmission level, where n is the total number of channels in
the circuit:

(1) For systems with from 60 to 240 telephone channels:
Power level =(—1+44 log,;n) dbmO
(Provisionally applies down to minimum of 12 channels.)
(2) For system with 240 to 600 channels (or more):
Power level=(—15+10 log,en) dbmO .

(¢) Within the specified bund, the rms noise voltage levels mensured with
n narrow bandwidth of about 2 ke should not vary more than 1 db.  Qutside
cf this band, the power should drop sharply and be more than 25 db dovin at
all frequencies greater than 1094 above and 20%, below the band.

(d) Stop and band filters—To clear the measurement channels of white
noise stop hand filters are required at the output of the white noise generator.  The
center frequencies of these filters should be the -same as for the measuring
chunnels shown in table 3.2.2.4.8.3.1.  Three filters should be used in n given
case, including the cente™ channel and either the outside band (OB) or inside
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band (IB) channels. The attenuation of noise in each stop band at the gener-
ator output should exceed 80 db over a band at least 3-ke wide, und should not
exceed 3 db at frequencies of 3+ (0.02 f+4) ke, where [ i8 the center irequency
in ke. The shape of the filter characteristics should be such that, when all
three band stop filters are simultaneously brought into the circuit, the errors
in mensurement as compared with a measurement carried out with a perfectly
uniform source and an indefinitely narrow stop band should not exceed 1 db.
Error here means the loss due to insertion of filtere, to changes in spectral
distribution of thermal and intermodulation noise produced by the insertion,
and to other causes.

(e) Mensurement filters—Intermodulation noise measurements should be
performed in the same bands provided in the particular case, with stop band
filters as described in the preceding paragraph. The use of these channels is
preferred for special tests, calibration, ete. The effective bandwidth of the
measuring filters in the receiving equipment should be designed to be narrow
enough to provide satisfactory measurements, taking into account the possi-
bility of stop band filter attenuation as low as 3 db at the frequencies + (0.2 f+4)
ke with respect to the center frequencies, as allowed in the stop band filter
requirements.

(f) Additional or alternative measuring channels—These may be used
as required by circumstances.

(2) Noise power ratio (NPR) or alot noise power ratio is the ratio of the
noise power appearing in & measurement channel with the corresponding
stop band filter first out of the circuit and then in the circuit. The change in
level is independent of the precise width of the measurement channel.

3.2.2.4.8.3.2 Measurement of Noive in Actual Traffic. Once a radio
relay system is placed in service carrying FDM channels, it may be difficult or
impossible to withdraw it from traffic at will for measuremeat of noise by
the use of white noise signals. It is therefore decirable to specify measurement
channels outside but reasonably close to the total bandwidth of the multiplex
signal, in order to measure the intermodulation products due to the nonlinearity
of the system. It is desirable to measure noise in a channel just ibove the
multiplex band, since this is generally more sensitive to changes of thermal
and intermodulation noise in the RF and IF parts of the equipment. On the
other hand, measurements in a channel below the multiplex band are more
sensitive to changes in the modulators and demodulators. It is usually neces-
sary to use stop band filters at the input of a system to minimize noise on the
incoming eireuit in the bands occupied by the measuring channels.  The follow-
ing requiremients are derived from CCIR Recommendation 292 (Los Angeles,
1959).

(ar Stop band filters  The attenuation of the stop band filters st the
input of the system should exceed 50 db over a minimum frequency band

c s 1o 2 ke, where £is the center frequency of the measuring channel in ke
The additional attenuntion eaused by the insertion of the stop filtera at the
Jlower edee and at the upper edwe of the totul multiples band should not exeeed
03 db referred to the additionn] attenuation csused in the center of the multi-
plex sienal band. The center frequencies of the noise measuring channels are
given in table 3.2.2.4%3.1. When the center frequency is 10 ke, the mini-
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mum frequency band is to be 11 ke instead of the band calculated according
to the formula given.

(b) Measurement filters—The characteristics of the measurement filters,
the center frequencies of which ure given in table 3.2.2.4.8.3.1, should be de-
signed to be sufficiently narrow to give satisfactory measirements, taking into
amount the characteristics of the band stop filters.

(¢) Continuity pilots—Frequencies given in table 3.2.2.4.8.3.1 for con-
tinuity pilots agree with the central frequencies of the noise measuring chan-
nels above the multiplex band. Tt may be useful to combine the evaluation
of the power of the continuity pilot with the measurement of the noise around
it.

(d) Filter designs—It is desirable that design of band stop and measur-
ing filters should enable them to be used both for maintenance measurements
and for measurements of white noise.

(e) Disconnection of certain channels—In certain telephone channels, and
in combinations of them, harmonic distortion may be produced. This may
make it necessary to leave these channels disconnected. (For example, if the
gecond or third harmonics coincide with the central frequencies of the noise
measuring channels.)

Table 3.2.£.4.8.8.1. Paramelers for Radio Relay Systems

Noise measuring ch 18 center fr: fes in ke
Freq. limits
band oc- |Freq. limits Contlnulty?lm Actual traffic White noise (note 2)
Number of chaunels curkdby bhaseband freq. (ke
tel. chan. (ke) (note 1)
(ke) Lower Upper
(note 3) Below | Above Center
OB | IB I8 | OB
24 ... ... 12-108] 12-108] 116 (or 119) 10| 118 |... . |....{...--. RPN DR
(or
119)
60 ... ... ...... 12-252] 12-252) 304 (or 331) 10| 304 | 50 70f._.... 270] 331
*60~-300] 80-300) 50| 331
1200 .. ... .. 12-252) 12-252 607 (or 304) 10, 607 | 50, 70 270 534 607
*60-552| 60-552 50| 607
300, ... .. ... *60-1300| 60-1364 1499 50} 1499 50, 70 534[1248'1°.)
64-1206
60h. .. . 1*60-2540; 60-2792 3200 50; 3200 50| 70} 1248]2438(3200
*64-2660
|

Notes | Freaueney stability of continuity pilot should he hetter than 5 partein 1
2 Tower and apper measuring chanpels may be either outside (OB) or tnstde (TR) the band of white notse

signal
T Randwilith of white nnise spectrum for intermadulstion notse measurements

3.2.2.5 Microware Line-of-Sight Systems.

3.2.2.5.1 D('S Reference (‘ircuit (Microware Line-of-Sight). The com-
position of the IS Microwave Line-of-Sight Reference Circuit coincides with
that of the DS Wideband Reserence Circuit described in puragraph 3.2.1.
The DCS Microwave Line-of-Sight Reference Cireuit is further deseribed in
the following paragraphs in terms of its transfer functions and interface para-
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meters.  Actual microwave line-of-sight circuits which are u purt of the DCS
shall be designed to have these transfer functions and interfuce purameter

3.2.2.5.1.1 Transfer Function Parameters. The trunsfer function param-
eters define the properties of the DCS Microwuve Line-of-Sight Reference
Clircuit in terms of circuits utilizing 4-ke channel allocutions, involving the
various distortions, noise, stability, adjustment, and signal level loading.
As indicated in table 3.2.2.5.1.1, the parameters may be defined within three
aspects: overall reference circuit, transmission medium (including repeaters),
and multiplex equipment (for one nominal 1,000 nm link).

Table 8.2.2.5.1 1. Transmission Specifications for DCS Reference Circuit Transfer Funclion

Normully assignable to—

Overall reference

Parameter vircult 6,000 nm (4 | Transmission
Inks) medium, in- Multiphex equipment
[cluding repeat- (1 link only}

| vrs {8 Mnks)

Insertion loss-frequency, ref to 1,000

opH: .
600-1,400cps - . .. ... ... _.. + 4.0 -40db |_..... ... +0.7 -0.7db
400-3,000 cps ... ... +9.0 --40db | ... .. +1.5 --0.7db
300-3,400cps ... ... .. ...... +180 —~40db j.......... +3.0 —0.7dh
Envelope Delay Distortion, 1,000~ { 1,000 usec ... .._.... 160 usec

2,600 cps max.
Median noise level, from all sources,

worst hour, worst month: TamoOnly Tem &

Psophometrically weighted at Intermed
OTLP, pWP e e e ieeceaaee 25,000 20,000 475 815
Equiv. white noise, F1A line wtg,
dbaO. .. . aoao... 38.0 37.0 20.8 23.1
Harmonic distortion. . ... .. ... .| ... ... . R D, - 40 dbmO
Gain change for out- | +3.56 dbmO___'. .. . _. S 0.35 db max
put level increase +120dbmO. ... 6.0 db min
from 0 dbmO, to— '

Net loss variation, max at 1,000 cps

audio, or at any baseband frequency.! +2.0 db +05db | £0.2db
Level adjustability__...._ ... ... .. .| .. .. .. ... +05db | £0.5db
Max. overall change in any audio freq. .| +2cps ... ....... +2 eps
Stability of multi- Initial setting | ...._.... R 2 parts in 10*

plex frequency to—

generator Drift permonth - ... __.___. JR 2 parts in 107
Single tone interference. .o 28dba L L Lo

4

Mux. data/telegraph levels, single chan- . .
nel high speed . e (AM)- 10 dbmO)
Speeeh level . U R | - 15 dbimO

Z!
DT
—
[
3.
2

Notee 1 The nerse power shall be divided sgeb that 5,00 pwp s asigned to the maltiph € equipment aied 20
WD te The Transmission medg
2 The alloreahle trapsmission media notse 1t a3 section of length L namt el males oL e then the o 000 vty ol
titde o ferenes curentt) is found by -
Nojse -ﬂfﬁ) 20,000 1w}
3 Fhe ton ) neise shadl not exeeed 316,000 pwp (44 (dhs O 1 minnte mean vidue more than « eammbane i
pereent of the worst month
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3.2.25.1.1.1 Insertion Loss v, Frequency. The response churacteristics
ure stated in terms of insertion loss referred to the 1,000 vps loss. Thus, o
positive figure denotes lower response, and a negutive figure indicutes u higher
response relative to 1,000 cps.

Single Link Channel Frequency Response

The frequency response referred to 1,000 ¢ps for the multiplex equipment

(1 link only) shall be as follows: ,
600~2400cps. .. ... .. ... . ..., +0.7 —0.7 db
400-3000cps__ . _ ... .. ... . S +1.5 -0.7 db
300-3400 cps... ... ... e o +3.0 —0.7 db

Overall Cireuit Frequency Response

The frequency response referred to 1,000 cps for the overall 6,000-nautical
mile circuit shall be as follows:

600-2,400 cps .. .. . . .. .. ... +4.0 -4.0db
400-3,000 cps. . . .. e +9.0 —4.0db
300-3,400 CP8. ... ... . ... +18.0 —4.0db

3.2.2.5.1.1.2 Envelope Delay Distortion. The envelope delay distortion
(differential time delay between any two frequencies between 1,000 and 2,600
cps) shall not exceed 1,000 microseconds over the 6,600-nautical mile reference
circuit, or 160 microseconds for the multiplex equipment of one link back-to-
back. Delnys are taken to be directly additive,

3.2.2.5.1.1.3 Tutal Noixe. The following standard applies to noise {rom
all sources in any channel of 4 system in which two-thirds of the chan iels are
loaded (loading simulated with white noise or actual loading with equivalent
traffic.) Noise is measured in an idle channel at, or referred to, n OTLP, and
is a measure of the relativaship of circuit noise to a constant value signal, the
level of which is controlled by AG(" action; i.e., a standurd test tone clamped
to 0 dbmO in a receive channel,
The total noise from all sources on £ny channel of a system composed of line-
of-sight hops in tandem over a 6,000-nautical mile reference circuit shull not
exceed 25,000 picowatts (pw), psophometrically weighted (38 dbn F1A weighted)
at zero relative level, during the worst hour of the month of poorest transmission.
The noise power shail be divided suck that 5,000 pwp is ussigned to the multiplex
equiptent apd 20,000 pwp to the transmission media.  The allowable truns-
mission medin noise in a section of length L nauticaul miles is found oy the
following:

NOISe = 0o

- 20,000 pwp

The total noise over a 6,000 nm reference cirent shall not exeeed 306,000 pwp
(49 dbuO) T-minute mean value more than o cwmulntive 0,01 pereent of the
worst month.  For a portion of the systetr: L mnutical miles in length, the

totul notse shall not exeeed 316,000 pwp more than a crmulative 01y,

L
6,000
of tir worst month.
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3.2.2.5.1.1.4 Harmonic Iistortion. Harmonic or in-coamnel distortion
shall not exceed —40 dbmO for one set of multiplex equipment.

3.2.2.5.1.1.5 Gain Change. A measure of channel amplitude limiting is

the gain change for an output level increase. To define the range below which
there should be minimal channel limiting, and above which limiting should in-
crease sharply to prevent overloading of common amplifiers, channel limiting
requirements are as follows:

(n) Gain change for an ouiput level increase from zero dbmO to +3.5
dbmO shall not be over 0.35 db.

(b) Gain change for an output level increase from zero dbmO to +12
dbmO shall be at least 5 db.

3.2.2.5.1.1.6 Net Loss Variation. The net loss variation due to one set
of multiplex audio-to-nudio, back-to-back, shall not exceed £0.2 db. Allowing
for variations due to the tranamission medium, the overall variation allowable
for the 6,000-nautical mile reference ciréuit shall be +2.0 db.

3.2.2.5.1.1.7 Level Adjustability. To hold system misalignment to rea-

“sonable limits, it shall he possible to adjust the level of teat signals to +0.5 db,

particularly at interfaces in the system.

3.2.2.5.1.1.8 AMarimum Overall Change 1in Audio Frequency. “Any
audio frequency entering a chnnnel of the reference circuit shall be reconstituted
at the other end with an error not exceeding + 2 cps.

3.2.2.5.1.1.9 Stability of Multiplex Frequency Generator. 'The accuracy of
the initinl adjustment of the master oscillators controlling the various carrier
frequencies in the multiplex equipment shall be 2 parts in 10* of the selected
frequency. The rate of frequency drift shall not excced 2 parts in 107 per
month. The change in frequency on changeover from the operating to the
standby oscillator shall not exceed 4 parts in 10% due to adverse combinations
of 10 percent changes in supply voltages. Means shell be provided to compare
frequencies of master oscillators in the same station, and betwven different
stations, to an accuracy of 1 part in 107

3.2.2.5.1.1.10 Single Tone Interference. Single frequency tones shall not
exceed nlevel of 24 dbaQ when the channel is used for active speech transmission.

3.2.2.5.1.1.11 Data, Telegraph, and Speech Signal Levels. In systems
with many channels, with some channels londed with voice currents, snd others
withk data or telegraph signals, the levels of the latter shall be determined in
the following manner to maintain established loading factors for,the common
amplifiers,  When two or more data or telegraph chanunels are operated over
the same voice chunnel, they shall be operated at still lower levels te produce
equivalent loadings.  Datu or telegraph signals with FSK modulation produce
constant power loading, while AN systems operated at teletypewriter speeds or
higher, effectively load the voice channel about 3 db less, and hence mny be sct
at levels 3 db higher than FSK. The maximum levels for signal tones in a
voice channel shall be- -

FSK__ .. ... .. e e —13 dbmQ
AM e U —--10 dbm0

For more than one subchannel per voice channel, these levels shall be reduced
by (10 log,, n) db, where n is the number of succhannels, or 3 db lower each
time the number of subchannels is doubled.  The mean absolute power at zero
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relutive level for speech plus signaling currents over a telephone channel shall
be —15dbmQ. It is anticiputed that in a syst~m with no voice traffic, the duta
or telegruph louding levels may be increased.

3.2.2.5.1.1.12 Test Procedures. Test procedures, where applicable, are
given in chapter 5.

3.2.2.5.1.2 Interface Parameters. The interfuce parameter requirements
summarized in table 3.2.2.5.1.2 differ from the transfer function parameters
in that they are primarily concerned with the interconnections between trans-
mission circuits and switching equipment or end instruments ‘in sllocated cir-
cuits), and between different parts of the transmission system. They deal with
impedunce, voltags and power levels, and frequency bands, which are specified
so that a building block relationship is set up to provide maximum interchange-
ahility and flexibility. Primary interfaces occur where transmission circuits
meet switching equipments or end instruments. Secondary interfaces occur
within the transmission system where circuits or aggregates of circuits of the
same or a different subsystem meet st audio, group, supergroup, baseband, or
intermedinte frequencies. All levels specified shall be within +0.5 db.

Table 5.2.2.5.1.2. Transmission Specifications for DCS Reference Circuil Interface

Characteristics

Parsmeter Requirement

Audio 8ide of Multiplex Equipment (4-wire):

Relative level, modulator input_. ... e — 16 dbr

Relative level, demodulator output .. ... ... +7 dbr

Imprdanee, balunced/channel ... . ... 600 ohms

Return loss va. 600 ohms. . . ... ... ...._. 26 db min.

Level adjustability.___ ... . ... ... ..... +0.5db
Basic Group Frequency:

1 Basie group frequency band (12 channels). 60-108 ke

Impedance, balanced/unbalanced. ... ... ... 135 ohms/75 ohms
Bas.c Supergroup Frequency:
Basic supergroup freq. band (60 channels) . .
Impedance, unbalaneed. .. _ ... ... ..
Baseband Side of Multiplex Equipmeat:
Relative levels (transmitting) per channel®
Relative levels treeeiving) per channel |
Impedanee, balaneed mnbalanced .-
Return los< v~ nominal impedanee
Intermediate Frequeney

312-552 ke
75 ohms
RF equipment
2> - 45 dbr, input
> - 15 «dbr, output
135/75H ohms
20 db. min.

Multiples
> — 35 dbr, output
> - 25 dbr, input
I8/7H ohms
0 db, min.

L

Frequeney

(mpedanee, nobedaneed

Return lows ws 75 ohims

Stgnad ontpat level (TF repeater only
Signal impat level (IF repeater onlva

e, al i test tome

3.2.2.5.1.2.1

70 me

75 ohins

20 dh, min

=0 5h volt, rms
203 volt, rms

Audin: Feepuaney  Interface.

3.2.2.5.1.2.1.1.  Transmission Levels, Multipler  FEyuipment.
(o The input te the channel modulator shall be — 16 dbr.
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(b) The output from the channel demodulator shall be +7 dbr.

(¢) The input and output levels specified apply to the multiplex equipment
proper, and provide a net gain of 23 db in each one-way path. These levels
shall apply to all channels of the multiplex equipment, without regard for the
net loss to be provided by any particular trunk, whether terminated on a
two-wire or a four-wire basis. All channels shall be maintained on the same
basis, so that a —16 dbm test tone at any modulator input shall result in a +7
dbm output from the distant demodulator, insuring that all channels are inter-
changeable and may be freely patched at multiplex access points without need
to change adjustments integral to the multiplex equipment.

3.2.2.5.1.2.1.2 Transmission Levels, Trank. Four-wire input and output
levels of trunks, at points accessible to the restorai or switching equipment
(or user equiprnent in the case of allocated circuits), shall be adjusted to meet
levels and circuit net losses determined for each particular group of circuits by
the overall transmission plan for the transmission network. Such circuit net
loss adjustments shall be made independently of the multiplex equipment con-
trols by inserting suitable attenuators or pads between the access terminals
and the multiplex equipment. The 23 db ret gain of the one-way channel
facilits' 28 making various interconnections to obtain special multiple or branch-
ing arrangements, to insert or bridge supervisory and monitoring equipment,
etc. When two multiplex channels are permanently connecred in tandem to
build up a longer circuit, the level disparity shall be met by inserting 23 db
loss in ea.n side of the four-wire paths.

3.2.2.5.1.2.1.3 Impedance and Return Loxx. The imnedance shsll be a
nominal 600 ohms, balanced to ground, with a return loss agains. 600 ohms of 26
db minim*m over the audio bandpass with equipment lined up at correct
levels.

3.2.2.5.1.2.1.4 Level Adjustability. Levels shall be adjustable to within
+0.5 db.

3.2.2.5.1.2.2 Group Frequency Interface.

(a) Frequency Band— (12 channels) 60 to 108 ke, lower sidebands.

(b} Tmpedance—-135 ohms, balanced to ground or 75 ohms unbalanced,
and a minimum of 20 db return loss over the group frequency range.

3.2.2.5.1.2.3 Supergroup Frequeney Interface.

(1) Frequency Band- (60 channels) 312 to 552 ke, upper sidebands of
individual channels.

(b) Impedaree 75 ohms, unbmlanced to ground, and a minitann of 20
db return loss over the supergroup frequency range.

3.2.2.5.1.24 Multiplex Basihand TDiterface.  This iuterfuce is of con-
stderuble importance sinee here the multiplex equipinent meets the radio equip-
ment of a radio relayv system or the ternumal earner repeners of a1 wire line
S-\'SN‘]H.

3.2.2.5.1.2.4.1  Lerels, Transmitting Direetion. The mulliples equipment
shall deliver u multiplex signal with a per-channel relative test tone level of at
lowst —35 dbr.  The radio or wire line transmutting equipment shull operate
properly on a relutive Jevel ns low ns — 45 dbr per channel.

3.2.2.5.1.2.4.2  Lerds, Recciving Divection The nulio or wire Iime receiv-
ingr equipment shall deliver s mnltiplex signal with o per-channel celative level

2-29

4 s



DCA CIR 175-2A
1 Apr 63

of ut least —15 «br.  The multiplex equipment shall operate properly on a
relutive level us low us —25 dbr per channel

3.2.2.5.1.2.4.3 Impedance and Return Losses. The nominal impedunce
for bulanced equipment shall be 135 ohms; the nominal impedance for un-
balanced equipment shall be 75 ohins.  Against the nominal impedance, the
return loss shall be at least 20 db. Table 3.2.2.5.1.2.6 indicates applicution of
the balanced and unbalanced impedances to number of channels in radio relay
svstems, and the frequency allocations of the baseband.

3.2.2.5.1.2.5 Intermediate Frequency Intcrface. The IF portion of radio
reluy equipment may provide an interface in some system designs. The
following parameters shall be met:

(a) Frequency—70 me.

(b) Impednnce and Return Loss—The impedance shall be 75 ohns,
unbalanced, and shall have a return loss against the nominal impedance of at
lenst 20 db.

(c) Signal Levels In the receiving direction, the IF output voltage shall
to equal to or greater than 0.5 volt, rms; in the transmitting direction, the
required TF input voltage shall not exceed 0.3 volt, rms.

3.2.25.1.2.6 Modulation Plan. (Under consideraution See table
3.2.25.1.2.6.)

3.2.2.5.2 Nuixe and Interference.

3.2.2.5.2.1 Total Noise. The total noise from all sources appearing in any
channel shall not exceed & median value of 25,000 pwp (38 dba F1A weighted)
during the worst hour of the month of poorest transmission.

3.2.2.5.2.2 Allocation. The following allocation of allowable median
noise to various parts of the DCS Reference Circuit shall be followed unless
different trade-offs are dictated by particular requirements:

() Multiplex equipment . . ... 5,000 pwp
One Link

Channel translation. . S S 345 pwp
Group modem equipment (2). .. e e 140 pwp
Supergroup modem equipment (3). .. .. _ . S 180 pwp
Through group filter and AGC equipment (3) . 150 pwp
Total for one link. __ . .. 815 pwp

Total multiplex equipment for six links. . 4, 890} pwp

(b The 20,000 pwp medinn noise assigned to the transmission medin shall
he derived in equal parts from the two principal sources, thermal and inter-
modulation, thus allowing 10,000 pwp thermal and 10,000 pwp intermodulation
noise
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Table 3.8.2.5.1.2.8. DCS Modulation Plan

Basic (12-channel) Group: (Under consideration)

Basic (#0-channel) Supergroup: Five groups translated (as upper sidebands) to occupy the
basic supergroup frequency band 312 to 552 ke.

Freq. limits lei Power level per chann.
Number of {band occupled |  limi Nominal impad haseband .. Contlnuity pilot
chaunels b{ tel. chan. | baseband (ohmas) freq. (ko) wnote 1)
(kc) (note 2) (ke) Input Output
(dbmO):5 | (dbmO0) 2
24 12-108 | 12-108 | 135 bal —45 | +4.5 116 (or 119)
60 12-252 | 12-252 { 135 bal —45 | +1.75 | 304 (or 331)
*80-300 | 60-300 75 unbal —45 | —18
120 12-252 { 12-552 { 135 bal —~45 | +1.75 | 607 (or 304)
*60-552 | 60-552 75 unbal —45 | —15
Pilots

1. Frequency comparison and control monitoring (Under consideration)
2. Through regulating pilot (Under consideration)

Notes: 1. Frequen? stability of corstinuity pilot shall e better than S parts in 108,
2. *Bandwidth of white noise spectrum for intermodulation noise measurements.

3.2.2.5.2.3 Distribution. A time distribution is required since line-of-
sight systems are subject to fading, causing the noise power to increase con-
siderably from time to time. Excessive noise caused by unsatisfactory radio
transmission shall not exceed 316,000 pwp (49 dba F1A) at zero relative level,
1-minute mean value more than 0.01% of the time, during the month of
poorest transmission.

3.2.2.5.2.4 Interference. Unintentional interference shall not be allowed
to exceed a level as follows when the channel is used for active speech trans-
mission:

1a) Cochannel. . ................. 24 dbeO
(b) Adjacent channel.______.___._ ... _____________._. 21 dbaO
(¢) Unidentified . . __ .. . .- 21 dbaO

3.2.2.5.3 Transmission Properties. Standards for the determination of
transinission loss are given in 3.2.2.5.4. In order to facilitate the comparison
of results, the following is given so that transmission loss determinations may
be presented in a uniform manner:

3.2.2.5.3.1 Long-Term Variations. The hourly median transmission loss
not exceeded during 50, 90, 99, and 99.9 pereent of all hourly medians of the
period of reference shall be determined. The period of reference shall not be
less than 1 month. Data shall also be given to show the distribution of the
hourly median transmission loss over the entire year.

3.2.2.5.3.2 Data Presentation. The statistical results of the transmission
loss determinntions shall be displayed on probability paper.  The transnussion
loss shall be plotted along the ordinate and expressed in decibels; the percentage
of titne shall be plotted along the abscissa, with a scale following the Gaussian
probahility law, with percentages inereasing {rom left to right.

3.2.2.,5.4 Transmission Loxs Calculations.
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3.2.2.5.4.1 Radio Reference Atmosphere. The Standard Rudio Keference
Atmosphere shall be the three-part model as follows:

(a) The radio refractivity, N, decreuses linearly in the first kilometer
above the surface; that is,

N=N,+AN(h_hl),h.Shsh.+l

(b) The radio refractivity, N, equals 105 at 9 km above sea level and the
refractiviy dscreases exponentis!lly between 1 kin above the earth’s surface,
h,+1, to the value of 105 at 9 km; that is

N= N, exp ((—e(th—h,—1))), A,+1Sh<9,
where
105
N,

1

8th

—C=

and
N, is the value of N at A=h,+1.

(c) Above 9 km the refractivity is determined by:

N=105 exp ((—.1424(h—9) )), >9 km.

N is the radio refractivity.

N, i the surface value of refractivity.

AN is the difference in N values at a height of 1 km above the surface

and at the surface.

h is the height above sea level.

h, is the height of the surface above sea level.
The constants for the standard radio reference utmosphere are given in table
3.2.2.5.4.1 and shall be used in the computatior of the basic median trans-
mission loss due to Microwave Line-of-Sight Propogation.

Tahble 3.2.2.5. 4 1. C'omlrmla for the Standard Refcrcncc Atmoapherc

|

N, ‘ A, feet a’ miles -~N k 2, miles ¢ per KM

0... - ’ 0 3960. 0000 1} 1. 00000 3960. 00 0

200... . . .. ! 10, 000 3061. 8939 22. 3318 1. 16599 4619, 53 0. 10621}
250... ... .. ... | 5, 000 3960, 9470 29, 5124 1. 23165 4878. 50 0. 114554
3010 .. ... ' 1, 000 3960. 1804 39. 2320 1. 33327 5280 00 0. 118710
3130 . ... 900 3960, 1324 41. 4388 1. 36479 5403. 88 0. 121796
350 ! () 3960, 0000 41 5530 1. 48905 5896. 66 0. 130579
400, . . l 0 3960. 0000 68 1295 1. 76684 §996. 67 I 0. 143848
450. 0 3960. 0000 90. 0406 2. 34506 ' 0286, 4 0. 154004

| ! |
Notex a, s the effective carth's rivdins and 1 equal to 2’
a’ = a4, where By s the bttt of the carthes sarfaee above seg leved
a= 3,960 miles

1N
=i, M l‘n.;

3. 2 2.54.2 Dath fdeometry.  The weometrieal paruneters defined in figure
3.2.2.5.4.2, specifically the path distaner, o, and Grazing Auzle ¢, shall be de-
h'rnum-d using the factors of the accuraecy speeified in 4 ’, 2 57, Siting, snd
with the effective earth’s radius, a,, defited in table 3.2.2.5 4 1, Constauts for

the Standard Reference Atmnsphvrv.
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Figure 3.2.2.5.4.2.a. Geomelry for W thin-the-Horizon Paths
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Figure 3.2.2.5.4.2.b. Geometry for Fresanal Zone Caleulations

3.2.25.4.3 Transmission Loss, The transmission loss shall be deter-
mined either by (1) computation, or (2) from path loss measurements and
computation combined.

3.2.2.5.4.3.1 ('omputation. The basic equation for the computation of
transmission loss shall contain, as a minimum, terms showing the effects of
frequency, distance, terrain, and meteorological conditions. The computed
transmission loss using the basic equation shall be an hourly median value based
on the Standard Reference Atmospheres (3.2.2.5.4.1) and on geometrical para-
meters to the accuracy specified in 3.2.2.5.7. The data shall be presented to
show the worst hour worst month loss.

3.2.2.5.5 Frequency Assignment,

3.2.2.5.5.1 (‘hannel Spacirg. The minimum RF channel spacing {or any
microwave systemn shall be us follows:

Numher of voice charinelx Chaunel aeparation
6. . L L . oL L a6 Mes
60 .. . .. 11.2 Mes
meo.. . ... . . . 140 Mes
>300.0 0. . . i . , 2000 Mes

3.2.2.5.,5.2 Trausmit-Receirve Frequeney Separation,
(a) AUl of the “eo” channels shall be in one-hadf o the band, and all
of the “return” channels shall be in the other half of the bund.  The terms

“ro’ and “return” are used only to distinguish between the two direetions of
t ransIission.
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(b) If a transmitter and receiver are operated at the same frequency in
the same station, the loss between the transmitter and receiver must be greater
than 120 db.

(¢) For adjacent radio-frequency channcls in the same half of the band,
different polarizations shall be used slternately; i.e., the odd-numbered chan-
nels in both directions of transmission on a given section shall use H(V) polariza-
tion, and the even-numbered channels shall use V(H) polarization.

channels 1, 3, 5._._H(V)
channels 2, 4, 6._._._V(H)

=D

channels 1/, 3/, 5. .. _.H(V)
channels 2/, 4/, 8°. .. _V(H)

(d) In order to prevent interference between the transmit and receive
antennas on opposite sides of a station, each channel shall be shifted in fre-
quency (or frogged) as it passes through a repeater station as shown in ‘able
3.2.2.5.5.2(a).

Table 3.2.2.5.5.2 (a). Minimum SAift in Frequency as a Channel Passes Through a Station

RT carrier frequency in Mes

Number of voler channels
2,000 to 4,000 4,000 to 8,000
120 0r less . . el ... 120 161
300orgreater. ... . .. ._._____... e e 213 252

(e) The minimum separation between a transmit and receive carrier
frequency on a single hop shall be as shown in table 3 2.2.5.5.2(b).

Table 3.2.2.5.5.2 (b). Minimum Separation Between a Transit and Receive Carrier Frequency
at a Single Station. (Minimum Guard Channel Width Between Upper and Lower Half
of the Allocaled RF Frequency Band.)

: KF carrier frequency in Mes

Number of vojoe channels

2,000 to 4,000 6,000 to 8,000

60120 o o | 49 30
q200 N 68 44.5
|

3.2.2.5.5.3 JF Interference. The center frequency and the channel
spacing of the RF carrier frequencies shall be chosen so as to prevent inter-
ference due to certain harmonies of the shift frequency. That is, harmonics
canmot occur at f,, the channel frequency, or at f,470 Mes when the IF is
70 Mes.
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PLAN 2

Figure 3.2.2.5.5.4.5. Recommended Plan for Large Channel Capacity (> 1£0) Assuming Al
Channels Are Being Used in Every Hop

may be minimized by using Plan 1 of figure 3.2.2.5.5.4.a where alternate
channels are used on alternate hops.

3.2.2.5.6 Fquipment Performance.

3.2.2.5.6.1 .Antennas, The antennas used at each station shall be the
broad band, high gain type, vapable of operating satisfactorily on any ire-
quency in the spectfied band of operation.

3.2.2.5.6.1.1 (haracteristic Impedance. The churacteristic impedance
shall be 50 oliuns.

3.2.2.5.6.1.2 Viltage Standing Ware Ratio (VSWE). The VSWR shall
not exceed 1.2 to 1.

3.2.2.5.6.2 Transmission Line. The trunsmission line shall be capable
of trunsmitting the requircd RF power with the characteristics listed below.
The use of coaxinu connectors shall be held to a minimum.  The length of any
trunsinission line shall be held to a minimum commensurate with good engineer-
ing practice and shall not exceed 200 feet in uny case.
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3.2.2.5.6.2.1 Characteristic Impedance. The characteristic impedance
shall be 50 ohms.

3.2.2.5.6.2.2 Voltage Standing Wave Ratio (VSWR). The VSWR shall
be less than 1.05 to 1 when terminated in the characteristic impedance of the
line.

3.2.2.3.6.3 Receiving Equipment.

3.2.2.5.86.3.1 RF Input Impedance. The RF input impedance shall be
50 ohms.

3.2.2.5.6.3.2 Frequency Stability. The center frequency of the receiver
shall be controlled to within 0.01%, for all operating conditions.

3.2.2.5.6.3.3 Imape and Out-of-Band Frequency Rejection. Image and
out-of-band frequencies shall be rejected by at least 60 db.

3.2.2.5.8.3.4 Intermediate Frequency CAaracteristics. The nominal cen-
ter value of the intermediate frequency shall be 70 mc. 'The output impedance
shall be 75 ohms, unbalanced. In the receiving direction, the IF output volt-
age shall be equal to or greater than 0.5 volt, rms; in the transmitting direction,
the required IF input voltage shall not exceed 0.3 volt, rms. The transmission
amplitude characteristic shall be uniform within + 1.5 db over the intermediate
frequency band.

3.2.2,5.6.4 Transmilting Equipment,

3.2.25.6.4.1 RF Ouipul Impedance. The RF output impedance shall be
50 ohms.

3.2.2.5.86.4.2 Carrier Frequency Stability. The carrier frequency shall be
controlled to within 0.01% for all operating conditions.

3.2.2.5.6.4.3 Spurious Emission Suppression. Spurious emissions occur-
ring outside the assigned band shall be suppressed 80 db or more below the
carrier output.

3.2.25.6.4.4 Preemphasis Characteristic. As far as is practical, systems
should conform to the following characteristics:

3.2.2.5.6.4.4.1 Frequency Deviation Without Preemphari-.

Rmy deviation
pov channel
Marimum number of channels (kes)
2 e e dmmemeasemm e ummmnmeememesamanaen 35
L 50, 100, 200
- 1 U 50, 100, 200
B 1 1 U SO 200

3.2.2,5.6.4.4.2 Frequency Deration With Preemphasis. Where pre-
emphasis is used, the preemphasis characteristic shall be such that the effective
(rms) deviation due to the multichannel signal is the same with and without
preemphasis.

Note. It in recommended that the preemphasis et 1racteristics be that obtained by the
network given in CCIR Recommendation No. 275 und contained in the adderdum to Tropo-
spheric Scatter paragraph.

3.2.2.5.6.5 Multiplering Equipment. Characteristics of the multiplexing
equiptnent are specified in 3.2.2.5.1.1, Transfer Function Parameters, 3.2.2.5.1.2,
Interface Parameters, and 3.2.4.3. Performance Standards for Frequency
Division (‘hanneling Equipment.

3.2.2.5.6.6 Test Pracedures. ‘Test procedures, where applicable, are given
in chapter 5.
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3.2.2.5.7 Siting. The determination of path parameters shall be in
three parts: (1) the preliminary determination, (2) the site survey, and (3)
the final determination.

3.2.2.8.7.1 Preliminary. When a preliminary study is made, prior to
actual site survey, such that several alternate sites are selected, maps shall
be used with a scale of at least 1 in 230,000 with contours to the nearest 20
meters. Distance shall be determined o the nearest mile.

3.2.2.8.7.2 Site survey. The selected site(s) shall be surveyed, such
that a terrain profile may be constructed showing the distances and elevations
along the path aziiiuth, with an accuracy not less thun the following:

(a) Ceordinates to third order accuracy.

(b) Elevations to the nearest 2 meters.

3.2.2.8.7.3 Final Determination. The final path parameters (path
profile) shall be determined with an accuracy not less than the following:

(a) All distances to 0.1 mile,

(b) All azimuths to 10 seconds.

(¢) Maps utilizcd shall have a scale of 1 in 25,000 with contours at 5-meter
intervals. In areas where maps to this scale are not available, a scale of up
to 1in 100,000 with contours at not more than 30-meter intervals may be used.

3.2.2.5.7 Hazards. The following conditions shall apply regarding
Lazurds to personnel and equipment.

(a) The area in the vicinity of the antenna(e) shall be restricted to pre-
vent inadvertent entry so that personnel not be exposed to either continuous
or intermittent power levels in excess of 0.01 watt per square centimeter,
average power,

(b) The area in the vicinity of the high power equipment shall be restricted
to prevent inadvertent entry so that personnel not be exposed to X-radiation
exceeding 2.5 milliroentgens per hour or 1,000 milliroentgens during a 40-hour
week.

(c) Fuel storage areas shall not be exposed to RF power in excess of 5.0
watts per square centimeter, peak power.

(d) Power levels constituting hazards to explosives have not been firmly
established.

(e) Power levels constituting hazards to equipment have not been firmly
established.

3.2.2.5.8 Systems Pirformance. For annlysis purposes, it is convenient
to consider systems performuance in terms of (1} Single Hop Perfori inee,
and (2) Tundewmn Hop Performance

3.2.2.5.8.1 Single Hop Performance.

3.2.2.5.8.1.1 Nuise in a Leal Circuit. The psophometrieally weighted
noise power, excluding multiplex equipment noise, at a point of zero relative
level in the audio channels of n real line-of-sight hop of Tength L nautieal
miles, where L. is less than 1,000 nuutical miles and whose composition dees
not differ uppreciably from the DCS Reference Cireait, shall not

(n) Exceed 3.33L pwp median during the worst hour of the worst month

(h) Exceed 316,000 pwp more than a cumulative - 0.00207 of the

1,000
time during the worst month.
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It is not expected that all hops will meet the noise limit specified ir. (a; above;
some hops will be better and some worse. However, the cumulative noise
power from all hops in tandem within the 1,000-nautical mile reference link
shall meet the specified performance criteria.

3.2.2.5.8.1.2 Performance tests. After all equipment has been properly
installed and adjusted, and transmission levels have been properly set, per-
formance tests shall be made on each hop to determine the quality of trans-
mission. These tests shall be in two parts: (1) local tests, and (2) transmission
system tests.

3.2.2.5.8.1.2.1 Local tests. The local tests, from multiplex input to
multiplex output including the radio transmitter and receiver, shall include
but not be limited to those tests required to establish the characteristics
specified in 3.2.2.5.1.1, Transfer Function Parameters. Test procedures are
given in chapter 5.

3.2.2.5.8.1,.2.2 Transmission System Tests. ‘The transmission system
tests, including the propagation medium shall include as a minimum the
measurement of stability of the net gain or lcss in the baseband and total
noise including intermodulation noise. (See 3.2.2.5.8.3.)

3.1.1.5.8.1.2.3 Duration of Measurement.

3.2.2.5.8.1.2.3.1 (‘ontinuous Uniform Spectrum. Total noise m.asured in
each direction in each hop with a continucus uniform spectrum signal shall be
of a duration necessary to establish a correlation between the tota. ciannel
noise and the received signal power. but in any case shall not be less than 72
hours valid data.

3.2.2.5.8.1.2.3.2 Received Signal Level. The received signal power in
each direction in each hop shall be recorded continuously for a period not less
than 30 days (preferably 6 months). This data shall be presented to show the
signal power exceeded 0.1¢,, 1%, 10%, 30%, 90%, 99%, and 99.9%, of all
hours during the period of measurement. The correlation hetween the received
signal power and total channel noise shall be shown.

3.2.2.5.8.1.2.3.3 Voise in Actuul Traffic. The total noise measured in
actual traffic in each hop in each direction after the system is in operation shall
be recorded continuously for a period not less than 30 days (preferably 6
months).

3.2.2.5.8.2 Tandem Hop Performance.

3.2.2.5.8.2.1 Nuise in a Real Cireuit. The prophometrically weighted
noise power, excluding multiplex equipment noise, ut a point of zero relative
level in the nudio channels of a real line-of-sight system of length L nautieal
miles, where . is between 1 000 and 6,900 nautien) miles, an 1 whose composition
does not differ apprecinbly from the DCS Reference Cireuit shall not

(n) Exceed "3.33L pwp medinn during the worst hour of the worst month,

(b) Execeed 116,000 pwp more thun a cumulative bT({;N)x“'m% of the

time during the annth of poorest transmission.
.

TI s assamied e st o demartnlatan pomne of woreal airetnt, the audio channeds, geoups, and supergroups ar.
intetsonnected at randon . partiealar, s assamed tat the nose cormg from the diferent seehions s power additive
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3.2.2.5.8.2.2 Performance Tests. Tandem hop performance tests over
the entire system shall include as & minimum the measurement of stability of
the net gain or loss in the baseband and total noise inciuding intermodulation
noise.

3.2.2.8.8.2.21 Duration of Noise Measurement. The total noise in each
direction in the entire system shall be recorded for & period to provide 72 hours
of valid data as soon as practicable after installation.

3.2.2.5.8.8 Tolal Noise Measurement. Total noise, including crosstalk
noise, should be measured with a continuous uniform spectrum signal or during
sctual traffic. Measurement with a continuous uniform spectrum signal is
made while the system is not carrying actual traffic and with a white noise signal
representing system loading during busy hours; measurement during sctual
traffic is made in bands just outside the total multiplex band, in actual trafic
conditions.

3.2.2.5.8.3.1 Afeasurement With Continuous Uniform Spectrum Signal.
It is desirable to be able to measure the performance of radio relay systems used
with FDM under condi‘ions closely approaching those of actual operation,
without necessarily having FDM equipment inetalled and connected. For
systems with 12 or more channels, it has been established that a white noise
signal (a signal with a continuous uniform spectrum) has siatistical properties
similar to those of 8 multichannel multiplex signal. This type of test uses a
white noise generator producing a spectrum of width corresponding to the
multiplex signal it replaces, but with specified gaps produced by stop filters,
at the lower and upper edges of the bascband (just within or just outside) and
at the center of the baseband. The noise measurements are made in the stop
bands, through suitable receiving filters. Specifications are given below for
those parameters. They correspond to ('C'IR Recommendation 204 (Warsaw,
1956—Los Angeles, 1959).

(a) White noise signal spectrum—-Table 3.2.2.5.8.3.1 gives the bandwidth
for systems with 24 to 600 channels, for the allocations starting at 12 ke at the
lower edge.

(b) White noise signal power levels—The power level of the white noise
signal is computed iccording to the following formulas, relative to 1 mw at a
point of zero transmission level, where n is the total number of channels in the
circuit:

(1) For systems with from 60 to 240 telephone channels:
Power lovel=(—1 1 4 logen) dbm0) :
(Provisionally applies down to minimum of 12 channels.)

2) For system with 240 to 600 channels (or more):

Power level - (=15 + 10 logyon) ddbmmQ)

tey Within the spectfied band, the rms noise voltage levels moasured with a
narow handwidth of about 2 ke should not vary more than 1.db. Outside this
bund, the power should drop sharply and be more than 25 db down at all fre-
“quencies greater than 109, above and 209 below the band.

(d) Stop and band filters- -To clear the measurement channele of white
poise, stop band filters are required at the output of the white noise generator.
The center frequencics of these fillers should be the sume © jor the ineasuring
channels shown i table 32258531 Three filters should be used m a given
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case, including the center channel and either the outside band (OB) or irside
band (IB) channels. The attenuation of noise in each stop band at the gener-
ator output should exceed 80 db over a band at least 3-kc wide, and should not
exceed 3 db at frequencies of +(0.02 f + 4) ke, where f is the center frequency
in ke. The shape of the filter characteristics should be such that, when all
three band stop filters are simultaneously brought into the circuit, the errors
in measurement as conipared with a measurement carried out with a perfectly
uniform source and an indefinitely narrow stopband should not exceed 1 db.
Error here jneans ihe lons due to insertion of filters, to changes in spectral
distribution of thermal and intermodulation noise produced by the insertion,
and to other causes.

(e) Measurement filters—Iniermodulation noise measurements should be
performed in the sa“1¢ bands provided in the particular case, with stop band
filters as described in the preceding paragraph. The use of these channels is
preferred for special tests, calibration, etc. The effective bandwidth of the
messuring filters in the receiving equipment should be designed to be narrow
enough to provide satisfactory measurements, taking into account the poesi-
bility of stop band filter attenuation as low as 3 db at the frequencies 4 (0.02
J + 4) ke with respect to the center frequencies as allowed in the stop band
filter requirements.

(f) Additional or slternative measuring channels—These may be used
as required by circumstances.

(g) Noise power ratio (NPR) or slot noise power ratio is the ratio of the
noise power appearing in a measurement channel with the corresponding stop
band filter first out of the circuit and then in the circuit. The change in level
is independent of the precise width of the measurement channel.

3.2.2.5.8.3.2 Measurement of noise in actual irafic. Once & radio relay
system is placed in service carrying FDM channels, it may be difficult or im-
possible to withdraw it from traffic at will for measurement of noise by the
use of white noise signals. It is therefore desifable to specify measurement
channels outside but reasonably close to the total bandwidth of the multiplex
signal, in order to measure the intermodulation products due to the nonlin-
earity of the system. It is desirable to measure noise in a channel just above
the multiplex band, since this is generally more sensitive to changes of thermal
and intermodulation noise in the RF and IF parts of the equipment. On the
other hand, measurements in a channel below the multiplex band are more
sensitive to changes in the modulators and demodulators. It is usually neces-
sary to use stop band filters at the input of a system to minimize noise on the
incoming circnit in the bands occupied by the measuring channels. The
following requirements are derived from CCIR Recommendation 293 (l.os
Angeles, 1959).

(a) Stop band filters—— The attenuation of the stop band filters at the in-
put of the system should exceed 50 db over & minimum frequency band +
(0.005 f+2) ke, where f is the center frequency of the measuring channel in
ke. The additional attenuation caused by the i .sertion of the stop filters at
the lower edge and at the upper edge of the total multiplex band should not
exceed 0.3 db referred to the additional attenuation caused in the center of the
multiplex signal band. The center frequencies of the noise measuring channels
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are given in table 3.2.2.5.8.3.1. When the center {requency is 10 ke, the mini-
mum {requency band is to be + 1 ke instead of the bend calculated according
to the formula given.

(b) Measurement filters—The characteristics of the measurement filters,
the center frequencies of which are given in table 3.2.2.5.8.3.1 should be de-
signed to be sufficiently narrow to give satisfactory measurements, taking
into account the characteristics of the band stop filters.

(c) Continuity pilots—Frequencies given in table 3.2.2.5.8.3.1 for con-
tinuity pilots agree with the central frequencies of the noise measuring channels
above the multiplex band. It may be useful to combine the evalustion of the
power of the continuity pilot with the measurement of the noise around it.

(d) Filter designs—It is desirable that design of band stop and meas-
uring filters should enable them to be used both for maintenance measurements
and for measurements of white aoise.

(e) Disconrsctivn of rictain channels—In certain telephone channels,
and in combinations of them, harmonic distortion may be produced. This
may make it necessary to leave these channels disconnected (for example, if
the second or third harmonics coincide with the central frequencies of the noise
measuring channels).

Table 3.2.£.5.8.3.1. Paramelers for radio relay systems
Noise measuring channels center frequencies in ke
Freq. limits
band occu- |Freg. limits White noise (Note 2)
Number of pled by tel. | ba'eband | Continuity pilot | Actual troffic
channels chan. (kc) (kc) freq. (k¢) (note
(note 3) 1 Lower Upper
| —— | Center |____________
: Below | Above | OB | IB IB | OB
24 ..., 12-108, 12-108 116 (or 119) 10 ) § 1 RS IR S JR P
(or
119)
60._ .. .. ..... 12-252] 12-252] 304 (or 331) 10 304| 50! 70j......{ 270{ 331
*60-300{ 60-300]. . . _._._... 50, 33y oo|ea----
1200 ... ... 12-252] 12-252] 607 {or 304 10{ 607] 50| 70( 270 534| 607
*60-552 60-552|... ... ... ... 500 607 .. .. f-----. PR PR
300._..._ ... .. *60-1300! 60-1364 1499 501 1499 50| 70 534|12481499
64-1206
600... .. .___.. *60-2540| 60--2792 4200 50! 3200{ 50| 70| 1248,2438/3200
*64-2660 ‘ !
NOTES 1. Frequency stability of continuity pilot should be hetter than 5 parts in 108,
2. Lower and upper miessuring channels may be cither nutside (O B) or inside (IB) the band of winte nope
signa).

3. *Bandwidth of white nojse spectrum for intermodulation noise 1neasurements.

3.23 Wire Systems.

3.2.3.1 Transmission Modes. The transmission modes encompussed in
these specifications consist of standard long-distance wire configurations and
their associated terminal and intermediate equipments.

3.2.3.1.1 DS Reference Circuit (Orverali Wire System) - The composition
of the DCS Wire Reference Circuit coincides with that of the DCS Wideband
Reference Circuit deseribed in paragraph 3.2.1. Each audio-to-audio link is
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defined as having & maximum of one set of channel translating equipment,
two sets of group translating equipment and three sets of supergroup trans-
lating equipment. The DCS Wire Reference Circuit is further described in
the following paragraphs in terms of its transfer functions and interface param-
eters. Actual wire circuits which sre a part of the DCS shall be designed to
have theee transfer functions and intertace parameters.

3.23.1.2 Transfer Function Parameters. The trans‘er function param-
eters define the properties of the DCS Wire Reference Circuit in terms of cir-
cuits utilizing 4-ke channel allocations involving the various distortions, noise,
stability, adjustments, and signal level loading. The parameters may be de-
fined within three aspects: overall reference circuit, transmission medium
(including repeaters), and multiplex equipment (for one nominal 1,000 nm
link).

3.2.3.1.2.1 Echo Return Loss. The echo return loss is specified in terms
of echo tolerance of circuits terminated in two-wire or four-wire switching
centers or instruments.

(a) The echo return loss of two-wire terminating circuits is specified as
not less than 13 db at the terminal switching center.

(3) The echo return loss of four-wire circuits with two-wire end links is
specified as not less than 27 db on the two-wire end link.

3.2.3.1.2.2 [Insertion Loss Frequency. The response characteristics are
stated in terms of insertion loss referred to the 1,000 cps loss. Thus a posi-
tive figure denotes lower response and a negative figure indicates a higher
reaponse relative to 1,000 cps.

Single Link Channel Frequency Response

The frequency response referred to 1,000 cps for the multiplex equipment
(1 link only) shall be as follows:

600-2400cps.. ... ... . . ____._.___.. +0.7 —0.7 db
400-3,000cps. .. ... . .. ._._... +15 —0.7 db
300-3400cps.. . ... ... ... .. ... +3.0 —0.7 db

Overall Circuit Freguency Response
The frequency response referred to 1,000 cps for the overall 6,000-nautical
mile circuit shall be as follows:

600-2,400¢cps_ . ... .. .. ... ... +4.0 —4.0db
400-3,000cps. ... . ... ... .._._. +9.0 —4,0db
300-3,400 cps_. .. ... __..._. +18.0 —4.0db

3.2.3.1.2.3 Group Delay. The overall group delay of the 6,000-nautical
mile reference circuit shall not exceed 350 milliseconds.

3.2.3.1.2.4 FEnvelope Delay Distortion. The envelope delay distortion
(differential time delay between any two frequencies between 1,000 and 2,600
eps) shall not exceed 1,000 microseconds over the 6,000-nautical mile reference
circuit, or 160 microseconds for the wmultiplex equipment of one link back to
back. Delays are taken to be directly additive.

3.2.3.1.2.5 Nuixe. The following noise figures are psophometrically
weighted (dba F1A weighted) and correspond to a .nean noise power, when
referred 10 n zero level, of 25,000 picowatts.  Of this 25,000 picowatts, 20,000
are assigned to the line equipment and 5,000 are assigned to be divided up
smong the multiplex equipment.
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(u) The totul weighted noise from nll sources on the worst channel of any
system combined from six links in tundem over 6,000 nautical miles from end
to end shall not exceed a mean figure of —46 dbmOp (38 dbaO) in any hour,
nor —35 dbmOp (49 dbaO) for not more than 0.01 percent of any month.

(b) Standards for impulse noise ure under investigation.

3.2.3.1.2.86 Harmonic Distortion. Hurmonic or in-channel distortion shall
not exceed —40 dbmO for one set of multiplex equipment.

8.2.3.1.2.7 C(ircuit Impedance. At the audio points where different
systems are ir.crconnected, the nominal impedance should normally be 600
ohms +10 percent essentinlly resistive and provide a return loss of 26 db.
The same ghall apply to switching centers having different nominal impedances
where encountered.

3.2.3.1.2.8 Gain Change. A measure of channel amplitude limiting is the
gain change for un output level increase. To define the runge below which
there should he minimnal channel limiting, and above which limiting should
increase sharply to prevent overlouding of common amplifiers, channel limiting
requirements are as follows:

(n) Gain change for an output level increase from zero dbmO to +3.5
dbmO shall not be over 0.35 db.

(b) Gain change for un output level increase from zero dbmO to + 12
dbmO shall be at least 5 db.

3.2.3.1.2.9 Net Loss Variation. The net loss variation due to one set of
multiplex audio-to-audio, back-to-back, shall net exceed +0.2 db. Allowing
for varintions due to the transmission medium, the overall variation allowable
for the 6,000-nautical mile reference circuit shall be +2.0 db.

3.2.3.1.2.10 Level Adjustability. To hold system misalignment to reason-
able limits, it shall be possible to adjust the level of test signals to +0.5 db,
particularly at interfaces in the system.

3.2.3.1.2.11 Mazimum Overall (‘hange in Audio Frequency. Any audio
frequency entering a channel of the reference circuit shall be reconstituted at
the other end with an error not exceeding +2 cps.

3.2.3.1.2.12 Stability of Multiplezx Frequency Generator. The accuracy
of the initial adjustment of the master oscillators controlling the various carrier
frequencies in the multiplex equipment shall be 2 parts in 10* of the selected
frequency. The rate of frequency drift shall not exceed 2 parts in 10 per
month. The change in frequency on changeover from the operating t¢ the
standby oscillator shall not exceed 4 parts in 10% due to adverse combinations
of 10 percent changes in supply voltages. Meuans shall be provided to compare
frequencies of master oscillators in the same station nnd between different
stations, to an accuracy of 1 purt in 107

3.2.3.1.2.13 Single Tone Interference. Single frequency tones shall
not exceed n level of 24 dbaO) when the channel is used for active speech
transmission.

3.2.3.1.2.14 Data, Telegrapk and Speech Sigual Lerels  In systems with
many clmnnels, with some channels loaded with voice currents, and others with
date or telegraph sigmals, the levels of the latter shall be determined in the fol-
lowing manner 1o maintain established loading factors for the common ampli
fiers.  When *wo or more data or telegraph channels are operated over the
sate voice channel, they shall be operated at still lower levels to produce
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equivalent loadings.  Data or telegraph signals with FSK modulation produce
constant power loading, while AM systems operated at teletypewriter speeds or
higher, effectively load the voice channel about 3 db less, and henee may be
set at levels 3 db higher than FRK. The maximum levels for signal tones in
a voice channel shall be—

FSK .. ... ... el el —13 dbmQ)

AM .. —10 dbmO
For more than one channel per voice channel, these levels shall be reduced by
(10 log 1on) db, where n is the number of subchannels, or 3 db lower each time
the number of subchannels is doubled. The mean absolute power at zero rela-
tive level for speech plus signaling currents over a telephone channel shall be
—15 dbmQ. It is anticipated that in a systetn with no voice traffic, the data
on telegraph loading levels may be increased.

3.2.3.1.2.15 Test Procedures. Test procedures, where applicable, are
given in chapter 5.

3.2.3.2 Subaystem Transmission Modes. This section specifies the per-
formance of wire and cable subsystems that are combined to form a transimis-
sion system. With subsystem performance standards, as specified, and with
careful consideration given to the length and quality of each subsystem, those
of inferior performance matched with those of superior performance can be
combined so that the overall performance will be met.  {Sce figure 3.2.3.2.)

3.2.3.2.1 0pen Wire. The jpen-wire subsystem performance require-
ments are specified by the following parameters:

{a) Capacity of the subsystem

(b) Frequency allocation

(¢) Noise

(d) Crosstalk

(e} Repeater gain and spacing

3.2.3.2.1.1 Capacity of the Subsystem. The subsystem shall provide 1 to
12 telephone channels nn one open-wire pair. A number of subsystems may
be operated on one-pole line.

3.2.3.2.1.2 Frequency Allocation. The line frequency shall be different
for the two directions of transmission and shall be separated at repeaters and
terminals by directional filters. The line frequencies for single subsystems
shall be 36 to 84 ke ini the West to East direction and 92 to 143 ke in the East
to West direction. (See figure 3.2.3.2.1.2))

3.2.3.2.1.3 Nuise, The permissible weighted noise power at the receiving
end of a 1,000 nM 12-chanuel open-wire hypothietieal referenee cireuit shall not
exceed 14,800 picowatts at a point of zero relative level (357 dba).  Of this
quantity, not more than 2,500 picowatts shall be contributed by terminal multi-
plex cquipment, leaving an allowance of 12,300 picowatts for the terminul and
intermediate repeaters and the open-wire ine The allowanee of 12,300 pico-
watts may be broken down wto, repeater terminal and intermediate) 1,800,
line erosstalk 7,000, mtuospheric, power and telegraph mterferenee 3,500 The
above figure of 12,300 picowatts for 1,000 oM of line is equivalent to an allow-
anee of 123 picowatts per nM compared to 4.9 picowatts per nM for eable
By Stems,

3.2.3.2.1.4 (rostalk. The intelligible erosstulk ratio between an, two
channels of a 12-chunnel carrier on open-wire shall not be less than 67 db
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When more than one carrier system is opersted on a pole line, the line cross-
talk at carrier frequencies, when the same line frequency allocation is used by
the two carriers, shall not exceed the following values: Near-end crosstalk,
42 db per repeater section ; far-end crosstalk, 65 db per repeater section.

3.2.3.2.1.5 Repeater Gain and Spacing. The spacing of repeaters shall
be determined by the permissible noise and crosstalk limits for the repeater
section. The maximum level to be transmitted shall not exceed +17 db and
the lowest level on the open-wire line should not be allowed to fall below —17
db during the normal weather conditions.

3.2.3.2.2 Paired and Quadded Cable. 'The 12-circuit carrier paired cable
and the 12 to 60 channel twin quadded carrier cable performance requirements
are specified by the following parameters:

(a) Capacity of Subsystem

(b, Frequency Allocation

(¢) Noise

(d) Crosstalk

(e) Repeater Gain and Spacing

3.2.3.2.2.1 C(apacity of the Subsystem.

(8) The paired cable carrier system shall permit the operation of a
12-circuit carrier on one pair of a nonloaded long distance quality audio cable.

(b) The twin quudded carrier cable shall permit the operation of 60-
channel supergroups in increments of 12-channel groups.

3.2.3.2.2.2 Frequency Allocation.

(a) For 12-circuit paired carrier cable systeins, the frequency allocation
shall be 6 to 54 kc in the East-West direction and 60 to 108 ke in the West-East
direction.

(b) For 60-channel twin quadded carrier cable systems, the frequency
allocation shall be 12 to 252 ke in 12-channel increments of 48 ke.

3.2.3.2.2.3 Noise. The weighted noisc power of the 12-circuit paired
carrier cable system and the 60-channel twin quadded carrier cable system shall
not exceed 7,400 picowatts at a point of zero relative level (32.7 dba) for 1,000
nM hypothetical reference circuit. Of this figure 2,500 picowatts shall be
allocated to the multiplex and terminal equipment, and 4,900 picowatts to the
line and repeaters.

3.2.3.2.2.4 Crosstalk.

(a) Each carrier pair of the 12-circuit cable system shall be equipped with
balancing networks in each repeater section. The intermediate repeaters shall
be of the frequency frogging tvpe. Tha intelligible crosstalk ratio between
any two channels of a 12-channel carrier on paired cuble systems or the inter-
chanuel erosstalk on twin quadded eable systems shall not be less than 67 db.
Fur-end crosstalk ratio between pairs in a repeater section, when the pairs are
terminated at their two ends by impedunees equal to their characteristic
impedance, shall not be less than 65 db per section.

3.2.3.2.2.5 Reprater Gain and Spacing. The repeater gain is necessarily
dependeat upon the type and balance of the cable employed, but in no e se
shull exceed 56 db for the highest frequency employed on ecither the 12-circuit
puired cable carrier system or the 60-channel twin eable carrier system.  Like-
wise, spacing of the repeaters is dependent upon the same factors, plus physical
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location. The repeater shall be equipped with line building-out networks to
provide for spacing deviations.

3.2.3.2.3 Cogxial Cable. The performance requirements of the 4-mc,
. 6-mc, and 12-mc systems are similar and are dealt with together. The param-
eters specified are listed as follows:

(a) Capacity of System

(b) Frequency Allocation

(c) Pilot Frequencies

(d) Attenuation vs. Frequency Characteristic

(e) Noise

(f) Crosstalk

() Repeater Spacing

3.2.3.2.3.1 (‘apacity of the Subsystems. The number of supergroups and
the alternate telephone supergroups p.us television channels for each of the
subsysteimns, 4-mc, 6-mc, and 12-mc is as follows:

CAPACITY OF: 4-mc 6-mc 12-me
Supergroupe. . _ .. ... een 16 21 45
Supergroups + TV Channels.._____ < 18640TV 0+1 TV 20+1 TV

3.2.3.2.3.2 Frequency Alocation. The baseband frequency allocations
for the three subsystems are sl.own in figure 3.2.3.2.3.2.

3.2.3.2.3.3 Pilot Frequencies. Table 3.2.3.2.3.3 gives the pilot fre-
quencies for the three subsystems.

Table 3.2.3.2.3.3. Pilol Frequencics for the 4-, 6-, and 12-mc Subsystems

Frequacy (ke) for—
Type
4me (2 12 me
Pilot frequencies used for automatic line
level regulation. . ... .. _.__...__... 4092 308 308
4142 4287
6142 12435
Frequency comparison pilot ... ... ..._. 60 308 308
™
Additional line measuring pilots.... ... ... 556 556 560 560
808 808 808 808
1056 1056 1304 1304
1304 1304 1800 1592
1552 1852 2206 2012
1800 1800 2792
2048 2048 3536
2296 2206 5608 5608
2544 2544 6928 6928
2792 2792 8248 8248
3040 3040 8472 8472
3288 3288 8792 8792
3536 3536 11112 11112
3784 3784

*The first column of piiot frequencies are those required if the baseband allocation in figure 3232 3.2, d js used.
The wreond rolumn is tised for buseband allocations given in figure 32.3.2.3.2.68n13.23.23.2f The measuring pilots are
noemally transmitted continuoualy exeept those jn the TV band when TV program transmissions are {n progreas
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3.2.3.23.4 .Attenuut 'on rs. Frequeney Characterstie. At the time of
lineup, the power supplies shall be within the specified limits of +2 percent for
4- and 6-mie systeans, and £ 1 percent for 12-me systems. Under these condi-
tions, the spread of the nttenuation-frequency response between High Fre-
queney Repeater Distribution Frame (HFRDF) and HERDFE over a distines
of 200 nM stall not exeeed the value given in tuble 325 2.3.4.
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Table 3.£2,.3.2.8.4. Atlenuation va. Frequency Characleristic for 4-, 6-, and [8-mc Subsystems
over 206 NM .
Spread (db)
Frequency range (kc)

ime 6 mc 12 me
B0 04000 e cccccciaicccccrcccceanaa 3 3 3
4000 t0 5864 . . ... cccccccccemc e cceneaeaeaas 4 3
5564 to 6000 . . ..o i iccceacceccecnens I D, 6 3
6000 t0 12400, _ .. accaceccicocscnnanaa—- l ................ ™

*Under Study (CCITT).

The spread on any supergroup (except 17 to 21) on the 6-mc system shall be
less than 1 db. '
Supergroups 17 to 21 on the 6-mc system shall have adequate performance
or short haul application.

3.2.3.2.3.5 Noise. The total mean weighted noise in the band occupied
by any standard channel (300 to 3,400 cpe) shall not exceed 3 picowatts pso-
phometrically weighted times the length of the cable route in nautical miles.
These values shall be measured over the coaxial subsystem between HFRDF
points at a point of zero relative level by selective measuring sets, suitably

weighted.
3.2.3.2.3.6 (Crosstalk. The worst value of near-end or far-end crosstalk
ratio at the terminals depicted in figure 3.2.3.2.3.6 shall not be less than 85 db

at the lowest transmitted intelligence frequency, or 60 db at the highest trans-
mitted intelligence frequency.

3.2.3.2.3.7 Repeater Spacing. At the maximum mean annual buried
cable temperature of 25° C., the three systems should be designed for the fol-
lowing nominal repeater spacings: 5.2 nM for 4 mc and 6 me, and 2.6 nM for
the 12 mec.
More preciscly, the repeater section planning lengths at 10° C. should be as
follows: 5.317 nM for 4 mc and 6 mc und 4.9 kM (3.1 nM) for 12 me.
To caleulate the planning length at mean anaual buried cable temperature
(T), other than 10° C., the following formulas shall be used:

For 4 me and 6 me, 5.317 (14-0.0021(10—T))

For 12 me, 2.69 (140.0021(10—T))
where 0.0021 corresponds to the coefficient of attentuation of 0.21 percent per
°C. and T'is the temperature in °C. under consideration.
The overnll requirements ure the same for both 6-me and 12-me systems to
insure compatibility at the video switehing point. .
Because video frequencies appronching zero eannot be trunsmitted over conxinl
enble systems, the spectrum of the television subsystem is translated into a
suitnble range.  This process requires vestigial sideband trunsmit equipment
between the video switching point and the HFRDF at the transmit terminal
stution; and vestigial sideband receive equipment at the receive terminal as
indicated in figure 3.2.3.2.3.7. Also, where necessary, emphasis and deemphasis
networks are used at each end of the subsystem. It thus differs from the defini-
tion of other subsystems.
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(PREQUENCY SPECTRUM DEPENDENT ON SUBSYSTEm)

FM & VESTIGIAL SIDEBAND TELEVISION TRANSMISSION
ON COAXIAL CABLE SUBSYSTEMS

Showing the laterface of the Vestigial Sidebond Equipment and

the Coaxial Subsystem with Frequency Allocation for a 625, 525 or 405
Line Tronsmissien.

Figure 3.2.3.2.3.7.

The following specificution, therefore, includes not only the repeatered line
with its pilots for regulation purposes, but also such terminal equipment as is
mentioned above. The parameters specified for the 6-muie subsystem thus refer
to the video switching points.

SUMMARY OF PARAMETERS SPECIFIED
FOR 6-MC SUBSYSTEMS

(n) Video Spectrum
(b) Characteristics ‘of Video Signal
(¢) Tmpedance
(d) Nonlinear Distortion
3-51
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(e) Stubility

() Noisze

(g) Attenuation Distortion

(h) Phase and Group Delay Distortion

3.2.3.23.8 6- or 12-me Line Eguipment on 0.375 Inch Coaxial for Tele-
viston. This section describes the overall television performance between
video switching points. (See figure 3.2.3.2.3.7a.)

3.2.3.2.3.9 Video Spectrum. The spectrum for video transmission shall
be 30 cpe to'5 me. (See figure 3.2.3.2.3.7.)

3.2.3.2.3.10 Characteristics of Video Signal. The polarity of the video
signal is under study.

The dc component (not transmitted) shall not dissipate more than 0.5 watts
in the input impedance.

The amplitude shall be 1 volt double amplitude peak (DAP) with a picture to
syne ratio of 70: 30 at the video switching point.

8.2.3.2.3.11 Impedance. The impedance shall be 75 ohms at input or
output terminals of video points with a return loss of not less than 24 db.

3.2.3.2.3.12 Nonlinear Distortion. The relationship between input and
output vision signal amplitudes is such that the mean value of the output
signal is within £ 10 percent of the input of the vision signal over the whole
range of the input vision signal from black to white level.

Synchronizing pulses at the output shall not differ from the input pulses by
more than 3 percent of the peak-to-pesk amplitude of the composite video
signal.
3.2.3.2.3.13 Stability. For short per wds, for exsmple 1 second, the
stability shall be maintained to £0.3 db. .’or medium periods, for example
1 hour, the stability shall be maintained to +1 db.

For long periods, for example 1 month, the following conditions shall be met:
If the circuit is not adjusted before every transmission, the stability shall be
maintained to +2 db, If the circuit is adjusted before each transmission the
stability shall b» maintained to 1 db.

3.2.3.2.3.14 Noise,

(a) Weighted Noise. Random (uniform) noise ratio, DAP picture/DAP
noise, shall be greater than 30 db where the noise is weighted in accordance
with curve E of Document 35 of the CCITT.

(b) Impulsive Noise. The impulsive (short duration slow repetition) noise
ratio shall be greater than 25 db (DAP picture/DAP weighted noise).

(¢) Pattern Noise. The pattern noise ratio shall be rreater than 50 db
(DAP picture/DAP weighted noise) up to 1 me falling to 1t less than 30 db
at the highest frequencey.

3.2.3.2.3.18 Distortion.

(a)} Attenuation Distortion. The attenuetion distortion shall not exeeed
the following values.

+1dbupto2me
+2 db up to 2 me to 4 me
+ 3 db up to 4 me to 5me

(b) Phase Distortion. The phase deviation from 30 cps up to 4 me

shall not exeeed 52 at 3.6 me equivalent to (004 ms time delay).
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(c) Group Delay Distortion. From 2 me to 4 mc the spread of the varia-
tion in group delay shall not exceed 4 microseconds, and from 4 mc to 5§ me
1 microsecond.

The change of group delay in 100 kc intervals shall be less than 0.1 microsecond.
3.2.3.2.3.18 Line Equipment on 0.168 Inch Small Core Coazial Subsystems.
Unlike the main line systems covered by sections 3.2.3.2.3 and 3.2.3.2.4, the
“small core” coaxial subsystem is full transistorized and although conforming
to long distance standards, shall be used primarily for medium haul application.
The subsystem is suitable for inclusion in the hypothetical reference cireuit
deacribed in 3.2.3.1.1.
The parameters specified for the small core coaxial subsystems are listed as
follows:

(a) Capacity of Subsystem

(b) Frequency Allocation

(¢) Pilot Frequencies

(d) Attenuation vs. Frequency Characteristic

(e) Total Noise

(f) Crosstalk

() Repeater Spacing

3.2.3.2.3.17 Capacity of System. The two core arrangement shall provide
bandwidth for 300 high grade telephone circuits over medium haul distances.
This means that up to about 270 nM of this facility may be included in tue
6,000 nM hypothetical circuit without degrading the overall performance.
The single core arrangement shall provide 120 telephone circuits.

3.2.3.2.3.18 Frequency Allocation. The frequency spectrum for the small
core subsystem shall be as shown in figure 3.2.3.2.3.19.

3.2.3.2.3.19 Pilot Frequencies. Pilot frequencies and number of super-
groups for the small core subsystem shall be as listed in table 3.2.3.2.3.19 and
shown in figure 3.2.3.2.3.19.

Table 3.£.9.2.3.19. Pilot Frequencies for Small Core Subsyslems

Twe core Singls core
Number of supergroups. ... ... . ececc s 5 2
Pilot frequencies used for antomatic line level regulation__.. .. 1054 or 1364 ke in either
case
Frequency comparison pilot.. .. ... ... . ... __ . ... ... .._.. 60 ke 60 ke
Optional manual adjust pilot ... ____ .. . . .. . . __. 308 ke 308 ke

3.2.3.2.3.20 Attenuation rs. Frequency Characteristic. At the time of
lineup after assuring primsry power supplies within the specified limits of +5
percent, the spread of the attenuation frequency response between HFRDF
and HFRDF over a distance of 180 nM shall not exceed 3 db.  The spread on
any supergroup shall be less than 1 db.

3.2.3.2.3.21 Tutal Noise. The total mean weighted noise in the band
occupied by any standard channel (300 to 3,400 rps) shall not exceed 3 piro-
watts times the length of the cable route in nautical miles.

3.2.3.2.3.22 (rosstalk. ‘The worst value of near-end or far-end crosstalk
ratio on the 180 nM terminal shall not be less than 85 db at the lowest trans-
mitted intelligence frequency, or 80 db at the highest transmitted intelligence
frequency.
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3.2.3.2.3.23 Repeater Spacing. The repeater section planning length for
buried cable is 1.97 nM (4,000 yards at 10° C.). .
aerial or buried installaticn, the section planning length may be derived from

the formula

1.97 (14+0.0018(10-T)

where 7 is the mean annual temperature of the cable in °C.
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The regulation system shall be capable of correcting for temperature variation

of +30° C. for aerial installations and +15° C. for buried installations.

In either case, the dependent repeaters themselves shall be buried underground.
3.2.3.2.4 Submarine Cable. Standards for submarine cable systems are

under investigation. Provisionally, noise for ihe system, exclusive of mnlti-

plex equipment, shall not exceed 1.5 picowatts per nautical mile.
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CHAPTER IV
. TACTICAL COMMUNICATION SYSTEM
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CHAPTER V
STANDARD MEASUREMENT TECHNIQUES
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